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INTIWJ)UCTION 
The Hillsborough County Environmental Protection Ac t charges th e 
Environmental Prote ction Commission with the function of establishing, 
operating and maintaining a continuous program for monitoring water 
pollution. A county-wide water quality surveillance network has been 
designed to provide accurate data and information as t o whether the 
requirements of the Act are being complied with and whether the level 
of water pollution is increasing or decreasing throughout the county. 
Publication and dissemination of information to the public concerning 
water pollution is also a function of the Hillsborough County Environmental 
Protection Commission. 
Salt water sampling has been conducted routinely by the Hillsborough County 
Environmental Protection Commission in Tampa and Hillsborough Bays since 
1972, when mid-depth samples only were collected. Samples for selected 
parameters were coll e cted at surface, mid-depth, and bottom starting 1975. 
Fresh waters have been sampled routinely since 1973. 
A summary of water sampling 1972-1976 shows the progress achieved: 
Salt Water Fresh Water 
Year Parameters Stations Samples Parameters Stations Samples 
1972 43 50 13 ,000 0 0 0 
1973 21 52 9,900 21 18 2,600 
1974 38 53 14,800 38 20 6,100 
1975 42 54 23,397 42 19 6,034 
1976 31 54 22,344 37 32 10,828 
Correlations between various parameters determined their potential 
interdependency and assw ted in predicting possible pollution control 
mechanisms. 
This broad base of water data obtained during 1972-1976 provides useful 
background data for eventual development, revision and enforcement of 
regulations, standard effluent limitation plans, or programs established 
under the Federal Water Pollution Control Act of 1972. 
Effective planning requires an adequate water quality data base. This 
report provide s a first approach to this primary objective. Data has 
been transmitted monthly to the State of Florida and to Federal Storet 
water quality s ystems for inclusion in data banks available to all 
a gencies or the general public. 
Use of this data f or research is encouraged, with the hope that special 
findings will be made available back to this Agency. 
SUM MAR Y 0 F FIN DIN G S 
GENERAL 
The locations of 54 salt water sampling stations and 32 fresh water sampling stations 
in Hillsborough County are shown at the end of this report. 
A summary of 1976 water quality at 86 water sampling stations is included for about 
40 measured water parameters at the conclusion of this summary. Some parameters 
were sampled at surface, middle, and bottom depths. 
SYMAPs (computer generated contour maps) depict the 1976 patterns for selected para-
meters and are located throughout the text. 
Statistical summaries (located as an appendix) list for each sampling station the 
number of samples, arithmetic and geometric means , the two lowest and two highest 
samples, as well as the 95% confidence interval around the means. 
NUTRIENTS 
During 1976 Hillsborough Bay had the highest total phosphate concentration averaging 
from 1.0-2.0 mg/l. Old Tampa Bay and upper Tampa Bay averaged between 0.5 and 1.0 
mg/l, while the lower portion of Tampa Bay was less than 0.5 mg/l. Within the tri-
butaries, high phosphate values occurred in Turkey Creek and throughout the Alafia 
River. 
Because nitrogen was the limiting nutrient within the Tampa Bay Basin, nitrate and 
Kjeldahl values must be considered in conjunction with chlorophyll data. Within 
the tributaries, high nitrogen concentrations were measured at Delaney Creek and at 
Turkey Creek. 
CHLOROPHYLL 
During 1976 Hillsborough Bay had the highest chlorophyll a values averaging 20 og/l 
or more. Old Tampa Bay northeast of the Courtney Campbell Causeway and in the Largo 
Inlet area averaged from 15-20 ug/l. The Basin improved toward the south with Tampa 
Bay in the vicinity of Egmont Key averaging less than 5 ug/l. Within the tributaries, 
high chlorophyll ~ averages were found in the Tampa Bypass Canal and in Lake Thono-
tosassa. 
There were no outbreaks of Red Tide within the Tampa Bay Basin during 1976; however, 
many other non-toxic species of algae did reach bloom proportions. 
QXYGEN RELATIONSHIPS 
During 1976 Hillsborough Bay and Old Tampa Bay northeast of the Courtney Campbell 
Causeway had the highest BOD values averaging 4 mg/l or more. The Largo Inlet area 
of Old Tampa Bay was also high averaging between 3 and 4 mg/l. The Bay improved 
toward the south with much of Tampa Bay averaging less than 2 mg/l. 
McKay Bay and Hillsborough Bay near Ballast Point recorded second minimum dissolved 
oxygen values l e s s t han 2 mg /1 at t he bot tom; whi l e mu ch o f t he r cma inde r 01 Ilill s -
borough Bay was be tween 2 . 0 and 3. 5 mg/l , indica t ing a highly st r e ssed e nv i[o lll \l(~ n t . 
Within the tributaries , Delaney Cr eek and t he Tampa Bypass Canal averaged bc l ow J 
mg /1 D.O. 
BACT ER IA 
It was unsafe for swimming in Hillsborou gh Bay near Davis Islands for 7 or more months 
during 1976. In Old Tampa Bay northeast of the Courtney Campbell Causeway it was un-
safe for swimming 5 or 6 months. Conditions improved toward the south with most of 
the Bay safe for swimming 12 months of the year. All tributary stations had high 
bacteria counts during some time of the year with Delaney Creek, Turkey Creek, and 
Sweetwater Creek being particularly contaminated. 
LIGHT CL IMATE 
In 1976, among stations deep enough to accurately determine effective light penetra-
tion, average values ranged from 26.3 inches in McKay Bay to 147 . 3 inches in the 
middle of Tampa Bay. All of Hillsborou gh Bay avera ged less than 50 i nches o f light 
penetration as did most of Old Tampa Bay. The remainder of Old Tampa Bay averaged 
between 50 and 70 inches. Light pene tration generally improved toward t he south with 
some areas averaging between 90 and 110 inches, while others averaged greater than 
110 inches . 
Within the tributaries, a high turbidity average was found in Turkey Creek. 
FLUORIDE 
During 1976 , an area of east Hillsborough Bay near the Alafia River had the highest 
fluoride values averaging from 2.0-2.5 mg /1. 
Within the tributaries , the Alafia River had the highest fluoride values averaging 
8.0 mg/l at one station. 
WATER QUALITY INDEX 
A "Water Quality Index" combining average Total Coliform, Turbidity , Chlorophyll a, 
and Total Or ganic Carbon was devised and applied to each salt water sampling station. 
During 1976 Hillsborough Bay and Old Tampa Bay northeast of the Courtney Campbell 
Causeway ranked "undesirable". The Largo Inlet area of Old Tampa Bay ranked "poor". 
Conditions improved toward the south with most of Tampa Bay ranking "exce llent". 
Trends for 6 parameter averages are graphed 1972-1976 within 5 Bay sections. 
METEOROLOGY 
1976 weather could be qualified as having been slightly colder than normal, as 
receiving much less rain than normal (except during May), as being slightly less 
windy, and as having had below normal sunshine due to increased cloudiness. 
SYMAPs show variations in average water tempe?~ature during Summers and Winters, in 
surface and bottom waters . 
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;'< PARAMETER NAMES 
Alkalinity (mg/l) 
Biochemical Oxygen Demand (mg/l) 
Carbon, Total Organic (mg/l) 
Chlorophyll a (ug/l) 
" b " 
" c " 
" , Total " 
Coliform, Fecal (membrane filter) 
" , Total " 
Color (Platinum-Cobalt Units) 
Conductivity (micromhos/con) 
Copper (ug/l) 
Depth, Bottom (feet) 
" , Sample " 
Effective Light Penetration (feet) 
Fluoride (mg/l) 
Iron (ug/l) 
Nitrogen, Ammonia 
" , Kjeldahl 
" , Nitrate 
(mg/l) 
II 
" 
Oxidation Reduction Potential (millivolts) 
Oxygen, Dissolved (mg/l) 
Phosphate, Total " 
Phosphorus, Dissolved Orthophosphate (mg/l) 
Plankton, Gonyaulax, (count/l.) 
" , Gymnodinium (count/L) 
Salinity (PPT) 
Solids, Dissolved (mg/l) 
" , Suspended 
" , Total 
Sulfate (mg/l) 
Temperature, Air 
" , Water 
Turbidity (N . T.U.) 
Z inc (ug/l) 
" 
" 
>'<Footnotes: 
b. 3 or 4 
T. Sample 
M. " 
B. Sample 
iii 
monthly samples taken 
taken near top of water 
" at middle depth 
measured at Lab 0 
SALT \.JATIi:R PARAMETlmS - n:ARLY i\VlmAGES 
1976 
Parame t er Code Numbers 
9 _S...:..;.~..::..~ :~_-+-_...-:1=----+._._. __ 2___ _ 3 "I 5 I 6 I 7 t 8 I 
2 2. 8 9.4 ~7 Jj_ ,I 2.1 10.3 i 29. 1 1 500.0 2891.7 
6 6.2 9.4 ->2.6 1.6 15 04 I 47.9 3575.0 3425.0 
7 65 00 504 8.5 29 . (j ! 1.3 14 . 9 i 45 .9 100.0 281. 8 
8 4. 8 8.0 33.2 I 2.0 18 . 5 ( 49 07~ 10.0 727.3 
! ' R: 
__ 9"---+ ___ _ ___ ._.-.1..':2. _ _ __ §~ __ ____ 16 .. ~ _ ._+--.-2 . 1 -~~.Q.-.~-. 26.6 +-_100"0 181.2-
11 2.9 6.5 20 . 5 ! 1.5 . 11.5 ; 33.6 ! 100 . 0 28 1. 8 
13 2 . 4 6.6 10.2 I 2.6 10.6 1 23.4 I 100.0 I 1491.7 
14 1.4 5.5 9 . 6 : 3.7 11. 6 i 25.0 100.0 ! 118 .2 
16 1.8 10.7 4.2 I 1.6 6 ~ 2 I 12 . 1 I 100.0 i 158. 3 
_-==-19:---r ______ ___ J:~_ ~~ _  ._~+_ 2.1 7.1. __ + __ . 13.4 ! 100.0 218.2. 
21 1.7 4.4 4.1 , 1.6 6 . 1 : 11.9 ! 100.0 - 116 . 7 
23 1.6 5.3 6. 0 ! 3 00 ! 10 . 0 I 19.1 I 100.0 150.0 
24 2.0 5.0 4.7 ! 2.0 ! 6. 9 i 13.7 I 100 00 12 5. 0 
~~ . - ---~- ~:~ -- ~:~ ~ : ~!ttti ~:~ t ~:~ i ~~:Z I ~~~:~ ~~~ :~ 
32 1.8 5 . 8 7.6 2.4 I 9.5 I 19.6 I 100.0 575.0 
33 2 . 1 4.8 8 . 8 2.3 I 9.2 I 20.3 I 100.0 575.0 
36 2.2 4 04 9 . 3 2.7 I 10 . 1 l 22.2 ! 100.0 358 . 3 
38 2.5 5.4 11.8 I 2.2 11.0 i 25.1 I 100.0 291.7 
_"7"'40~-+_1_0_8_._2 ----f-.. ~-~-- ._ 6.2 9. _2 I 2.5 I . .2.:~)_~~~_.. 100 00 666. 7 
41 3 "0 6.2 9.6! 2 02 I 9.5 ! 21.4 \ 100 . 0 1591.7 
44 5.7 7 . 5 30.4! 1. 5 15.9 I 44 08 I· 100 . 0 718.2 
46 2 .8 9.0 10.4 I 2.5 9.4 I 22 .4 100.0 233 . 3 
47 2.6 7 . 9 10 . 4 j 2.0 I 9.5 I 22.0 I 100.0 458.3 
50 2.7 5.6 9 . 3 I 2 . 3 9.6 ; 21. 3 I 100.0 383.3 
51 2 04 6.4 9 . 8 2.2 9.4 21.5! 100.0 758.3 
52 4.9 5.8 30 . 5 1. 4 16 . 1 45 .8 I 257.1 1854"5 
54 4.7 5 . 8 33 04 1.1 16 01 50.7 - 100 .0 936.4 
55 I 3.9 5.8 25 07 2.5 16.8 45 . 1 I 100.0 218.2 
_-,,;-5-:::-8_t.-_-- --+-- 4 08 6.9 25 . 6 1.3 13.5 I 40.4 100.0 581.8 
60 2.4 7.2 10.2 2.6 10 . 6 23 . 5 100.0 341.7 
61 3.3 10 01 18 . 3 2.2 12.0 32.6 200.0 1058.3 
62 4.7 9.2 20 07 2 05 15.0 38.4 100.0 I 9341.7 
63 2 . 8 7 . 8 11. 4 2 0 9 110 3 i 25 0 7 100 0 0 441. 7 
64 3 0 0 8 09 9.7 2.8 9 . 3 21 . 9 100.0 166.7 -~-+----- t----- -. t----~::__+-_::_:=_=_-+_--::-_'_:___l--- 7---::--+-~_:__+_·__:-=__:::__t___=_:_::__=_ 65 3.5 9.3 15.1 2 . 4 11 06 29.1 100.0 216.7 
66 2.9 13 . 5 14 . 1 I 2 03 11.4 27 . 9 I 100.0 175.0 
67 2,6 10.6 11 . 0 2 . 4 10.4 23.8 100.0 616.7 
68 2.3 8 .5 12 . 2 2.3 10.6 2501 oil 100 .0 583.3 
70 6.2 7.6 40.7 1.3 20.2 56 .7 5985.7 1446.4 
71 5.7 7.2 34.7 1.9 19.3 I 49 . 3 271 04 1018 . 2 
73 3.2 5.6 19 06 2.0 11.4 I 33.1 114 . 3 318.2 
74 3.8 606 27 04 1.5 14.6 , 41.9 114.3 854.5 
80 2.3 4.3 15.3 2.5 12.2 ! 30"1 100.0 381.8 
81 2.1 4 .3 12.0 1.8 8.5 J 22. 4 100.0 127.3 
82 1.9 5.7 6.3 2.0 7.0 15.5 100.0 108.3 
84 41,0 2.1 7.2 5.7 1.7 6.5 14 .0 100.0 108.3 
90 1.6 601 4 02 2.2 8 .3 14. 8 100.0 116.7 
91 
92 
93 
94 
95 
96 I 
1.7 3.7 
1.8 307 
1. 8 2.7 
1.6 3.3 
lu6 503 
2.0 5.4 
5.2 2.7 
4.8 2.6 
3.9 2.0 
4.0 2.5 
405 2.0 
5.8 1.8 
iv 
8 .2 16. 2 ! 100.0 100.0 
8.8 16.3 100.0 141.7 
6.0 12.0 100.0 166.7 
7.0 13.5 100.0 158.3 
6 . 2 12.8 100.0 133.3 
6.4 14 . 0 100 00 116.7 
Sta. 
11T No. 10 
2 26.5 28200.0 
6 15. 6 34400.0 
7 13.7 32900.0 
8 16. 8 34500.0 
9 10.0 39700.0 
11 10.6 35000.0 
13 8 . 4 40666.6 
14 7.8 38400 . 0 
16 5. 8 42000 , 0 
19 5.3 42900.0 
21 5.0 44800.0 
23 4 . 3 45900.0 
24 5 , 0 46600.0 
25 4.6 45800.0 
28 5.6 43000.0 
32 7.3 41000.0 
33 7.6 40888.8 
36 8.1 40111.1 
38 8.5 39111.1 
40 8.1 38666.6 
41 8.1 39333.3 
44 19.0 31100.0 
46 11.2 37350.0 
47 9.7 37222.2 
50 8 .4 39888.8 
51 8.1 39555.5 
52 15.7 35200.0 
54 13.8 33800.0 
55 12.5 36600.0 
58 14.0 32300.0 
60 13.9 37081. 8 
61 12-0 35444.4 
62 15.1 34060.0 
63 8.9 39000.0 
64 10.8 36888.8 
65 10.0 '. 36881.8 
66 9. 5 37666.6 
67 8.9 38555.5 
68 8.5 39555.5 
70 17 . 8 33800.0 
71 14.0 34900.0 
73 11. 3 37300.0 
74 15.0 27900 . 0 
80 10.1 38800.0 
81 9.4 39000,0 
82 6.7 40900.0 
84 8.2 40300.0 
90 4.4 46400.0 
91 3.5 46600.0 
92 3.2 48900.0 
93 2.8 50900.0 
94 2 .6 49700.0 
95 3 .0 49100.0 
96 3.9 47500.0 
SALT WATER PARAMETERS - YEARLY AVERAGES 
1976 
Pa rameter Code Numbers 
, 
11M 11B IlL 13 
29200.0 29400.0 27195.0 4.0 
34600.0 34700.0 33605.0 9.8 
34200.0 35400.0 33390.0 11. 3 
34500.0 34500.0 20755.0 3.5 
40100.0 38333.3 36727.5 13.5 
36200 . 0 36200.0 35897.5 6.6 
40781. 8 41000.0 38525.0 13.4 
39444.4 40111.1 37087 . 5 31.7 I 
42700.0 43100.0 37450.0 25 ,2 
43100.0 43600.0 40800.0 23.8 
45100.0 45400.0 37350.0 15.8 
46400.0 46700.0 41550.0 30.3 
46500.0 46400.0 38000.0 1l.8 
46100.0 46400.0 20800 . 0 7.5 
43300.0 43400.0 41050.0 19.8 
41372.7 41555.5 38366.6 28.1 
41172.7 41333 . 3 37466.6 33.4 
40281. 8 40000 . 0 38433.3 19.1 
39454.5 39555.5 37700.0 8.3 
38972.7 38888.8 36500.0 15.3 
39409.0 39555.5 37100.0 11.1 
31100.0 I 31100.0 30425.0 2.6 
37500.0 37350.0 35166 . 6 5.6 
38690.9 I 37888.8 36566.6 12.7 
40736.3 39777.7 38966.6 9.3 
39818.1 39777.7 38066.6 7.1 
35700.0 37000.0 35275 . 0 17.5 
35300.0 36100.0 33142.5 14 . 6 
37200,0 37000.0 35125 . 0 14.6 
34200.0 i 35800.0 32047.5 12.3 
37081.8 I 37081. 8 35600.0 4.0 
36672.7 I 36333.3 34966 . 6 12 . 1 
35163.6 35760.0 33625 . 0 7.4 
39163.6 38888 .8 37350.0 9.7 I I 
37136.3 36777 . 7 35500.0 6.9 I 
36700 . 0 36790.9 32100.0 
5"9 1 38045.0 38000.0 36566.6 8.5
38518.1 38666.6 37025.0 9 . 2 
39972.7 39666 . 6 35800 . 0 12 . 5 
33800.0 33800.0 36090.0 2.7 ; 
35300.0 36200.0 32055 . 0 10.3 r 37500.0 37500.0 35525.0 8.3 
35100.0 35900.0 29222.5 10 . 6 
39300.0 39600.0 36350.0 10.3 
39300.0 38888. 8 37345 . 0 14.6 
40900.0 41200 . 0 40600.0 12 . 5 
40600.0 40600.0 40000.0 5.9 
46400.0 46400.0 40350.0 13.5 
47 600.0 48000 . 0 39550 .0 29.9 
49200.0 49300.0 20800.0 18.0 
50400.0 50300.0 20800.0 19.3 
50000.0 50400.0 41350 .0 33 . 2 
49400.0 49400.0 40900.0 33.3 I 47700.0 47900.0 39500.0 7.5 
v 
14M 15 16 
2.0 JuS 1. 32 
4.9 2.9 1. 60 
5.6 3.0 1. 63 
1.8 2.6 1.90 
6.8 3.8 1.49 
3.3 3.3 1.59 
6.7 5.1 1. 55 
15.8 7.2 1. 54 
12.6 12.0 1.30 
11.9 12.3 1.23 
8.3 9.8 1.22 
15.2 10.3 1.25 
5.9 7.6 1.15 
3.8 5.4 1.13 
9.9 9.5 1.30 
14.0 6.2 1. 54 
16.7 6.2 1.50 
9.6 4.8 1. 55 
4.2 I 4.8 1. 55 
7.6 5.0 1.46 
-5.5 4.0 1.53 
1.3 1.9 1. 60 
2,8 3.9 1.48 
6. 4 3.8 1.48 
4.7 4.4 1. 53 
3.6 3.8 1.53 
8 .8 2.5 1.72 
7.3 2.7 1.54 
7.3 3.0 1. 67 
6.2 2.2 1.49 
2.0 3.1 1.53 
6.1 3.0 1. 53 
3.7 3.0 1.45 
4.9 4"0 +1.53 3.4 3.5 1.57 
3.0 3---:i 1-:58 
4.3 4.1 1.56 
4.6 4.1 1. 55 
8.8 5.3 1.47 
1.3 2.1 1. 62 
5.2 2 . 7 2.1 
4 . 1 3.3 1. 67 
5.3 3.3 1. 67 
5.2 3.9 1. 60 
7. 3 4.4 1.50 
6. 3 8.3 1.38 
3.0 5.4 1.40 
6.8 8.9 1.14 
15.0 9.5 1.08 
9 . 0 7.9 .97 
9.6 8.6 .91 
16 . 6 9.7 . 95 
16.6 10.6 L01 
3 .8 5.9 L06 
Sta. 
17b No. 
2 
6 
7 445.0 
8 
9 
11 
13 
14 
16 
19 
21 
23 
24 
25 
28 
32 I 
33 
36 
38 
40 367.5 
41 
44 
46 I 
47 l j 50 
51 
52 
54 
55 
58 
l 60 I 61 I 62 
63 
64 
65 
66 
67 
68 
70 
71 
73 
74 
80 
81 
82 
84 536 . 6 
90 
91 
92 
93 
94 
95 
96 
19 
.35 
.28 
.21 
.44 
. 22 
.20 
.26 
.18 
. 23 
.22 
.25 
.26 
. 21 
.20 
.21 
. 26 
.29 
.24 
.2 6 
.24 
.28 
. 23 
.2 6 
.27 
.26 
.25 
.23 
.30 
.22 
.2 3 
.26 
.32 
.32 
.24 
SALT WATER PARAMETERS - YEARLY AVERAGES 
1976 
Parameter Code Numbers 
20 22T 22M 22R 
.07 540.0 452.5 440.0 
.04 451. 6 450.0 439.0 
.04 421 . 6 425.0 404.1 
. 09 402.5 
.03 405 . 0 404.1 405 . 0 
.06 433.0 411. 6 434 . 0 
.02 405 . 4 402 . 7 399 . 0 
.02 413 . 3 413.3 414 . 1 
.02 461. 6 455.0 453.3 
.02 444.1 442.5 440.0 
.01 437.5 437.5 435.0 
.01 386.6 387.5 387 . 5 
.01 420.0 419.1 417.5 
.01 400.0 385.0 399 . 0 
.02 386.6 386.6 386 . 6 
. . 03 409 . 0 404.5 406.3 
.02 406.3 407 . 2 406.3 
.02 400.9 400.0 400.0 
. 02 407.0 405.0 404.0 
.02 417.2 420 . 0 420.9 
.04 396.3 399.0 398 . 1 
. 02 430.0 485.0 440.0 
.06 447.5 448.0 442.5 
.03 499.0 496.0 493.0 
.02 379.0 379.0 379.0 
.04 410.0 399.0 410.0 
.03 391 . 6 391. 6 393 03 
.03 387.5 392 05 395 .8 
.03 403 03 405.0 402 05 
.03 394.5 389.1 365.4 
.02 41000 462.7 410.0 
.03 508.8 479.0 502 . 2 
.03 522 08 515 04 512.8 
.03 385.0 392.5 393.8 
.25._ .03 447.2 443.1 444 02 
-.. 
.30 .02 463.3 438.1 456.6 
.25 .02 420.0 431 .3 426.0 
.24 .02 416 05 416.5 417 .5 
.23 .01 410.9 409.5 412.2 
.24 .04 475.0 
.19 .03 395.8 396.6 395. 8 
.20 .02 400.0 403 .3 402 . 0 
.47 .0 9 405.0 408.3 408 . 3 
.19 .02 415.4 405.8 414.5 
.19 .02 407.5 407.5 406:6 
. . 
.23 . 02 385 08 385.0 385.0 
.23 .02 488 . 5 482 .5 485.7 
.23 .01 432.5 431. 6 430.8 
.21 .02 385 . 0 385.0 386 . 6 
. 20 .01 410 . 0 410.0 410.9 
.21 .01 410.8 410.0 408 . 3 
.20 .01 402 7 402.7 402.7 
.21 .01 392.5 393.3 390. 8 
.2 3 .02 412.8 389. 1 40 7 . 1 
vi 
23T 23M 2J II 
4.79 L~ . 79 4 . 1) 2 
8.18 7.35 5.55 
8.42 7 . 78 5. 94 
7.63 7.63 7. 63 
7.71 7.17 6.29 
7 . 74 7.53 7.13 
8.09 7.97 7.18 
7.74 6.93 6.46 
7.31 7. 10 6.94 
7.48 7. 28 7.03 
7.58 7. 38 7.24 
7.68 7.44 7.39 
7.28 7.18 7.17 
8. 28 8.16 8.08 
7093 7.70 7 , 51 
7.64 7 . 31 6.88 
7. 61 7.35 7. 02 
7.10 7 . 15 7.00 
7. 67 7.5 5 7. 52 
7.34 7.48 7. 43 
8.02 8 .18 7. 89 
7.18 7.13 7.11 
7. 42 7. 50 7.43 
7. 05 6.95 6. 78 
7.89 7.73 7. 66 
7.61 7.49 7.38 
9 . 31 7.39 5 . 75 
9.11 6 . 63 4.34 
8. 63 I 7.05 5 . 85 
10.01 I 7.28 5 067 
I 
6.83 6.80 6.76 
7.17 6 . 51 6031 
6.81 6028 6.08 
7. ~2 I 7.72 7.37 
7 . 62 I 7.42 7.32 
7. 38 7.31 7.20 
7.98 7. 80 7.54 
7. 81 7.59 7.51 
7051 7.28 7.19 
7. 95 7. 95 7.9 5 
10. 44 8.46 6.42 
7. 59 7. 31 6.9 6 
1).30 6 .28 5 .17 
7. 53 7.20 6.86 
7. 82 7. 18 6 .51 
8 . 03 7.74 7. 81 
6.92 6.88 6 , 84 
7.41 7.79 7.23 
7. 63 7.52 7.44 
7.72 7. 78 7.47 
7. 68 7 .61 7.52 
7.79 7.58 7. 50 
7 .64 7 . 52 7 . 46 
8 .18 8 .06 8 .04 
Sta. 
No. 24 25 
2 . 86 . 81 
6 1.07 1. 01 
7 1.11 1.02 
8 1. 57 1.54 
9 . 84 .81 
11 .91 .86 
13 .74 
14 . 67 .67 
16 .58 
19 .49 
21 .42 
23 . 33 
24 .33 
25 .30 
28 . 47 
32 .72 
33 .68 
36 .71 
38 .70 
40 .70 .68 
41 .69 .63 
44 1.06 .97 
46 .70 
47 . 69 . 68 
50 .70 
51 . 71 
52 1.16 1.13 
54 .97 .92 
55 1.16 1.11 
58 .97 .91 
60 .69 .67 
61 .73 
62 .77 . 70 
63 .71 
64 .72 
65 .74 I 
66 .70 
67 .71 
68 . 70 
70 1.11 1.02 
71 1. 96 1.52 
73 1.01 .96 
74 1. 35 1. 35 
80 . 84 . 82 
81 . 81 .79 
82 .64 
84 . 68 .58 
90 . 33 
91 .20 
92 .15 
93 .09 
94 .08 
95 .12 
96 .23 
SALT WATER PARAMETERS - YEARLY AVERAGES 
1976 
Parameter Code Numbers 
26T 27T 28T 28M 
10000.0 10000.0 17.3 17.9 
10000 . 0 10000.0 21.6 21.7 
10000.0 10000.0 20.7 21.5 
10000 . 0 10000.0 20.9 20.9 
10000.0 10000.0 25 .4 25.6 
10000.0 10000.0 22.1 22.9 
10000.0 10000.0 26.0 25 . 9 
10000.0 10000.0 24 . 1 25 . 4 
10000.0 10000.0 27.0 26.9 
10000.0 10000.0 27.6 27.5 
10000.0 10000.0 29.0 28.3 
10000.0 10000.0 29 .8 29.6 
10000.0 10000.0 30.3 29.2 
10000 . 0 10000.0 29.7 27.0 
10000 . 0 10000.0 27.7 27.6 
10000.0 10000 .0 26.3 26.3 
10000.0 10000.0 26.2 26.2 
10000.0 10000.0 25 . 6 25.6 
10000 .0 10000.0 24.9 25 .0 
10000.0 10000.0 24.6 24 .6 
10000.0 10000.0 25 .0 25.0 
10000.0 10000.0 20.4 20.4 
10000 .0 10000.0 23.7 23.5 
10000.0 I 10000.0 23.6 24.5 
10000.0 10000.0 25.5 26 . 0 
10000.0 10000.0 25.2 25.2 
10000.0 10000.0 22 . 5 22.8 
10000.0 10000.0 21.2 22.3 
10000.0 10000.0 23.2 23.5 
10000.0 10000.0 20.7 21.4 
10000.0 10000.0 23.5 23.3 
10000.0 10000 .0 22.6 23.0 
10833.3 10000.0 22.9 23.0 
10000.0 10000 .0 24.8 24 . 8 
10000.0 10000.0 23 .3 23.4 
10000.0 10000 . 0 23.6 23.0 
10000.0 10000.0 23.9 23 . 9 
10000 . 0 10000.0 24 . 5 24.4 
10000 . 0 10000.0 25.2 25 . 4 
10833 . 3 10000 . 0 21.3 21.3 
-10000 . 0 10000 . 0 22 . 0 22.2 
10000.0 10000 . 0 23.6 23.8 
10000 . 0 10000.0 17.3 21.6 
10000 .0 10000.0 24.7 25.1 
10000.0 10000 . 0 24.8 25.2 
10000.0 10000 . 0 26 . 2 26.1 
10000.0 10000.0 25.8 25 . 9 
10000.0 10000.0 30.1 29.4 
10000.0 10000.0 30 .3 30 . 1 
10000.0 10000.0 32.0 28 . 9 
10000.0 10000.0 33 . 4 29.7 
10000.0 10000 .0 32.5 31. 8 
10000.0 10000.0 32 .1 31. 3 
10000.0 10000.0 30.9 30.1 
vii 
28B 30 33 
18.0 22 . 8 
21.8 22.8 
22.3 23 . 3 23 . 6 
20.9 24.5 
24.4 24 .7 
22.9 23.9 
26.3 22.9 
25.6 I 24.2 27.7 22.2 
28.1 21.9 
29.4 22.1 
30.3 24.1 
30.1 22.4 
30.2 25 . 2 
28.0 24.8 
26.6 22 . 5 
26.5 22.6 
25.6 23.4 
25.2 22.5 
24. 7 29.5 22 .0 
25.2 23.2 
20.4 22.8 
23 . 7 22 . 2 
24.0 22.7 
25.4 23.5 
-
25.4 23.2 
23 . 5 25.6 
22.8 I 25.7 
23.4 24.5 
22.3 25 . 6 
23.5 22.5 
23.0 22.4 
23 . 3 21.4 
24 . 7 23.1 
23.3 22.3 
23 .5 22.7 
24 . 1 I 21.7 
24 . 6 22.4 
25.3 22 . 3 
21.3 22.9 
22.9 25.2 
23 . 7 24.7 
22 . 6 24 . 7 
25 . 3 24 . 8 
24.7 24.4 
26 . 4 
I 
24 .6 
26 .0 4.0 22 . 1 
30 . 1 ! 22.4 31.3 24.5 
32.3 22.6 
33 . 0 23.0 
33 . 1 23.5 
32.3 25.0 
31.3 25 . 0 
S l.'t. I 
[\j o , 
2 
6 
7 
8 
9 
11 
l3 
14 
16 
19 
21 
23 
24 
25 
28 
32 
33 
36 
38 
40 
41 
44 
46 
47 
50 
51 
52 
54 
55 
58 
60 
61 
62 
63 
64 
65 
66 
67 
68 
70 
71 
73 
74 
SO 
Sl 
82 
84 
90 
91 
92 
93 
94 
95 
96 
J L~T 
14.5 
21.5 
21.0 
21.8 
-- --..--
22.1 
20.9 
20.8 
20.7 
20.9 
.,- .- - -.- -
20.9 
21.4 
21.0 
23.0 
21.4 
20.5 
20.8 
20.9 
20.8 
21.3 
21.1 
14.5 
20 .3 
20.5 
22.0 
22.7 
22 . 2 
21.8 
SAL T WATER PARA MET ERS - Y I~!\RL Y /\ V ImAG ES 
1976 
Parameter Code Numb e rs 
34t"1 3413 35 
21.8 14 05 3 . 5 
21.0 20.9 5 . 2 
20 . 9 20.8 5.5 
22.0 5 . 6 
21.7 21. 6 5.5 
20.7 22.0 6.0 
20.7 20 08 3 . 9 
20.6 20 05 3.1 
20.7 20.8 2.7 
20.9 21.0 3.1 
21.0 21.0 3.5 
21.2 21.0 3.0 
20.9 21.0 4.0 
21.3 23.0 4.4 
21.2 21.1 2 . 5 
20 . 5 20. 6 4.5 
20.6 20.6 3.5 
20.8 20.7 3.5 
20.7 20.7 4.0 
21.0 20.8 4.3 
21.0 21.0 4.5 
21.3 14 . 0 6.0 
20.8 20.3 4.7 
20.7 20.5 4.2 
21.1 21.9 4.0 
21.0 22 . 6 4.8 
21.7 21.4 4.5 
21.5 21.4 5.5 
21. 6 
r-
21. 3 21.0 6.0 
22 . 1 21.7 21.2 6.6 
28 . 5 20. 5 28.5 5.2 
22.3 20.9 21.5 5.1 
21.3 21.0 21.6 5 .8 
22.0 21.0 21.7 4.7 
22.1 20.7 21.8 5 . 3 
-- -23 . 0 20.5 22.8 6.6 
21.3 20 . 6 21.1 5 . 5 
20.7 20.7 20.7 5 . 0 
20.8 20.6 20 . 6 4.2 
21.8 4.5 
.--~.- .-. - .•.. _._.'-
--22 . 0 21.3 2L3 5.0 
22.1 21.1 21.4 5.0 
22.4 21.9 21.8 5.2 
22.2 21.2 21.7 5 . 2 
21.2 20 .9 20 . S 5.0 
-2L3 21.3 2102 2.5 
23 . 7 20.7 23 08 3 . 9 
20.9 20.9 20.9 305 
21.3 21.1 2L1 3.0 
20.9 21.0 21.0 3.9 
-.-
21.0 20.S 20 . S 4.0 
20.9 20.8 20.S 4.S 
21.3 21.0 20.9 4.3 
21.S 21.0 21.3 4.7 
viii 
S ta. 
No. 1 2 
101 2 .5 
102 4 . 5 
103 2 .8 
104 4 . 7 
105 3 .2 
106 1.3 
107 1.5 
108 2.1 
109 8.7 
110 6.3 
111 6.7 
112 1.2 
113 1.6 
114 .7 
115 50.6 1.4 
116 1.4 
118 51.3 5 . 1 
120 1.5 
121 2.0 
122 1.5 
123 2.1 
124 4 .5 
125 2 .5 
126 2.0 
127 3.6 
128 4. 6 
129 1. 8 
130 1.3 
131 1.3 
132 1.1 
133 5 .5 
134 3. 0 
FRE SH l,.JAT ER PARAMETERS - YEARLY AVERAGES 
1976 
Parameter Code Numbers;" 
3 \ 4 5 6 
12.5 5 . 35 2.54 8 .06 
8. 2 28.25 3.10 20.38 
9.1 17.98 2.49 12 .94 
10 . 1 44.20 3.15 21 . 48 
9 .0 32.56 3.63 21.12 
8. 4 5 . 34 2.75 8 . 97 
7.9 5.40 2.75 7.59 
I 
2. 8 5.43 2 . 54 7.53 
9.3 62.63 2.18 38. 54 
4 .7 42 . 16 5.86 23.29 
I 13 . 8 19.68 9.72 12. 38 5. 8 6.38 2.99 8. 85 
I I 5.5 3.24 2.47 7.49 I 4 . 8 3.73 2 .8 5 8. 71 
5 . 3 5 . 38 3.53 10. 80 
7.5 3 . 3"1 5.41 15.22 
17.4 58.28 5.70 24.58 
15 .0 3 .30 3.29 8. 95 
8 .4 6.46 3.19 8.63 
5.1 3.86 3 . 09 8 .55 
14 . 5 5.51 2. 86 7.78 
14. 4 32.10 8. 10 23.36 
11.5 10 . 17 4 . 71 13 . 21 
6 .7 4.69 3.49 14 . 44 
9. 8 12.35 4.51 12.33 
8. 3 20.94 9.46 20 . 05 
10 . 2 6.61 5.64 14.33 
7 . 8 2.73 3.26 8 .09 
12 .1 10.20 3.95 11.44 
6. 5 3. 84 4 . 14 12.50 
11.5 19.49 3 . 48 15.24 
13 . 0 18.84 7 . 71 15 . 50 
ix 
7 8 I 9 
16.07 112.5 1350.0 
45.57 100.0 650.0 
33 . 47 162 . 5 2041. 7 
64.99 7875 . 0 181691. 7 
48.67 400.0 11941. 7 
17.2.1 200.0 1725.0 
15.33 537.5 7225.0 
15.61 225.0 3933 . 3 
81.10 177 . 8 758 .3 
61. 80 144.4 408.3 
39.85 5077 . 8 21166.7 
18 .31 100 . 0 650.0 
13 . 32 266 . 7 2016.7 
15.38 123 . 3 1483.3 
19 . 77 255.6 4858 .3 
23.29 388.9 1908 .3 
72.78 166.7 725.0 
15.66 100 . 0 2137.5 
18. 36 266.7 3125.0 
15.60 133 . 3 5625.0 
16.24 2300.0 21275.0 
44.31 440.0 25571.4 
27.49 2360.0 26842 . 9 
22 . 74 733.3 8375 . 0 
29 . 30 1733.3 17687.5 
36.24 2500.0 19900 . 0 
26 . 69 400 . 0 4237 . 5 
14.19 171.4 2787. 5 
25.69 557.1 3687.5 
20 . 58 2457 .6 432 7.1 
32. 98 5457.1 299762 .5 
42 . 09 3871. 4 18450.0 
Sta. 
No. 10 
l ' I { I ~S II I;J A' l' r-:I~ PARJ\METI<:RS - YEARLY AVERAGES 
ISJ76 
Parameter Code Numbers"" 
101 54.4 26570.0 27450.0 26570.0 4.46 2 , 23 I 3.1 1.20 
102 16 , 6 35733.3 7 . 01 I 3 , 86 • 2 , 4 I 1.50 
103 42.5 20777 . 7 21325.0 20777.7 4. 83 I 2 . 42 I 2.4 II .97 
104 28.9 2049L6 20491.6 20491.6 1.96 : .99 i ~.7 1.04 
105 51.0 786._~+ 222 5.3 786 .4 6.58 .-L .. -h~~.-- +---1-:.L-l~ --~§.... 
106 51.5 300.01 289.8 300.0 8.08 I 4.04 : 6.1 . L,O 
107 6L2 340 . 91 340 . 9 340.9 i 3 . 17 'I L58 I 1.9 I . 40 
108 I 38.7 354.5 I 8.58 4.29 i 6.3 i .45 
109. 16.3 : 333 75.0 8 .92 4.46! 2.5 \ 1.50 
110 14.1 , 31983.3 16 , 00 1 8.00 J 2.5 1.52 
111 69.5 1294. 61 1294 06 1294 . 6 L43 I , 77 ! 1.1 . 58 
112 24.5 18150.0 1 26908.3 18150.0 7.42 3.71 4.0 1.14 
113 55.2 260 .6 \ 246.2 260.6 6.42 , 3 . 21 ; 4 . 2 . 39 
114 35.9 605 . 0 1 525 , 7 605.0 7 , 25 I 3 , 63 i 5 . 5 i 2.77 
115 33.1 670.2..Lu_.E.iJ.Q , 5 670.5 _ _ .___ 3,~_ L58 ! 2 . 5 i 5.06 
116 55.0 410 . 31 4 10.3 410.3 2.42 " L28 I 1.9 i 2.28 
118 57.0 272.5 Ii 282 . 1 272.5 I 4042 2 , 19 ,i 1.9 ! .49 
120 121.2 260.6 209 ' 2~ 260.6 91.2 ! 5.38 i 2.69 3,3 i .30 
gi ~; : ~ r-.-~-~~~J. ._~l~~~. ._ ... _  ;}~~.t ... _3~:i z: ~~ I 2: ;i 1.- ~:~ ! : zi 
123 13LO 190 . 5
1
' 190 . 5 190 . 5 57.0 2 , 75 ,!' 1.45 I LO I .27 
I 0 124 114.5 220 . 6 , 220.6 220.6 62 . 0 1.43 ! .71 I L1 I .3 
125 106. 8 14605 ; V.6.5 I 146.5 72 . 5 L07 i . 54 i .9 : .30 
~;~ I 85.0 290 . 7 ; 290.7 ' 290.7 69.4 1.75 I . 88! L3 I .40 
-Wa-i-~i:~ ---1~~-iJ.L-- ·1}~tj-r--1i~i :i-- - .~j% ~ ~ --r- - ~ ~· ;t ·- - "f . {-H-t-- ~ : ~ I 8 :~~ 
129 132.7 238 ,8 238.8 238.8 406 , 0 3 . 56 i 1.79 L9 i , 57 
130 58 .4 175. 8 175.8 175 , 8 109,2 . 8 3 ! . 46 . 8 , . L.9 
131 83 .7 188 . 8 188 . 8 188 . 8 133.0 LI0 ! . 60 1.1 I . 35 
132 50 . 4 . 772,?. 772.7 772.} ___ p5 . 2 2.38 -ri _1.23_'rn-2 . 4 l--'.1L 
133 67,8 9827. 1 982 7 . 1 9827 . 1 72 . 2 1.94 . 94 1.7 I .8 3 
134 105.8 918.2 918.2 91 8 . 2 70 , 0 1.75 . 9 3 1 . 6 . 46 
x 
Sta. I 
No. 17 18 
101 I 
102 I 103 
104 
105 
106 
107 
108 
109 
110 f-o - --
III 
ll2 
ll3 
114 
115 583 .3 
116 
ll8 275.0 
120 730.0 .24 
121 120.0 .1 6 
122 365~0 .19 
123 1130.0 .22 
124 2330.0 .24 
125 1820.0 . 45 
126 460.0 .34 
127 550.0 . 67 
128 2630.0 13.04 
129 ll50.0 . 57 
130 450.0 .13 
131 490.0 .39 
132 290.0 .20 I 
133 650.0 11.00 
134 480.0 .58 
FRESH WATER PARAMETERS - YEARLY AVERAGES 
1976 
Parameter Code Numbers">\-
19 20 23T 23M 
.32 .04 5.06 5.03 
.22 . 03 6.42 
.46 .13 4.54 4 .65 
2.05 .23 3 .98 3.98 
.29 .40 7 .36 7 .3 7 
.39 . 90 3. 80 4 . 88 
.31 I .27 5.73 5.73 
2.83 1.33 6.39 
.33 .05 9.13 
.50 .06 2.86 
3.54 2.79 4.84 4.89 
.31 .06 6.63 6.18 
.23 .25 6.00 8.46 
. 48 1.30 7.00 7. 81 
.27 1. 70 8.36 7.89 
.31 .38 8.53 8.10 
23B 
5.06 
4.54 
3. 98 
7 .36 
3. 80 
5.73 
4. 89 
6.63 
6.00 
7.00 
8.36 
8.53 
.30 .10 10 . ll 9.3 6 10.ll 
. 21 .10 3.43 3 .24 3.43 
.19 .07 4.34 4.34 4.34 
.17 . 90 6.42 5.79 6.42 
.29 .09 6.45 6.45 I 6.45 
.33 .07 4 . 41 4.41 4 . 41 
.2 9 . 57 7.56 7.56 7.56 
. 35 .87 5.24 5.24 5 . 24 
1.02 1.22 7 .08 7 .08 7 .08 
18.80 1. 73 2.28 2 . 28 2.28 
.74 .08 6.76 5.91 6.76 
.20 . 35 7.73 7.73 7.73 
.34 1.40 7.31 7.31 7.31 
. 21 .31 7.76 7.76 7. 76 
-27.51 9.28 5.25 5.25- 5 . 25 
.64 2.ll 2.54 2.54 2.54 
xi 
I 
24 25 
. 55 . 45 
.74 .52 
.59 I .50 
1.34 .98 
.44 .08 
.55 . 11 
.68 .52 
1.25 \ .41 
.96 ! . 70 
.97 I .79 
I 
14.00 16.80 
.52 .49 
.41 .37 
3.73 4.14 
5.97 5.68 
3.07 1.35 
.57 .49 
.08 .06 
.12 .10 
.60 .58 
.26 . 24 
.35 .33 
.43 .40 
1.34 1.30 
1.89 1.80 
5 . 27 5.12 
.60 . 58 
.53 .50 
.36 .33 
. 26 . 25 
.84 .80 
2.18 2 . 12 
Sta . 
No . 
FRESH WATER PARAMETERS - YEARLY AVERAGES 
1976 
Parameter Code Numbers>'< 
29 
I 
30 I 31 32 
I I 
101 10000 00 10000.0 17.0 16 04 j I 1526 00 I 
16 . 4 
102 10000.0 10000.0 22 . 6 ! 1970 00 
103 l 10000.0 10000.0 12.7 l3.1 I 12.7 I 1 974.5 
104 I 10000.0 10000.0 12.3 12,3 ! 12 03 i I 1091.3 
-.;:;.i;:;';~~::"-+I-----+--------I~·-- :;---I-_ .... _l_: __ ;_t'--.~o;---+----- ---~----+-·--+I -" 1~;:~ 
107 I 02.2 02 i 1 ! 44.5 
108 II . 2 ! I i II 34 " 3 
109 I 10000 , 0 10000.0 20.3 : I 1 1747.5 
_-::-:g:-,,~~(~1_0._00_0_._0-+-_1_0_0_00_0~ f--·- 1-.-Z- - I--·J:i·-:-~ .- 4,·--·-f02 II I l3;;:; 
112 10000.0 10000 00 U.5 16 . 6 U.5 i.' 1414.5 
113 ! .2.2 ' 02 i ! 50.9 
114 ! 03 II 03 ; .3 ! 122.8 
_.;:.11::.:5::'-1 ___ ~' _____ -4- .3 . 03 . 03 458 07 : 406 ; 463.4 190 01 
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Sta. 
No. 33 
101 21.0 
102 20.4 
103 20.4 
104 20.2 
105 21.6 J 
106 22.9 
I 107 
23.9 
108 23 .8 
109 23.2 
llO 24.1 
111 23.0 
112 24.7 
113 25.6 
114 24.5 
115 24.6 
116 25.0 
118 23.9 
120 24.0 
121 23.0 
122 24.8 
123 24.5 
124 25.0 
125 27.0 
126 25.2 
127 26.0 
128 25 07 
129 26 . 5 
130 26.2 
131 26 .0 
132 26.2 
133 24.5 
134 23.8 
FRESH WATER PARAMETERS - YEARLY AVERAGES 
1976 
Parameter Code Numbers"'( 
34T 34M 35 36 
22.3 4.6 
23.1 7.9 
23.0 4.7 
23.0 5.6 
22.5 3.9 
21.5 2.0 
22 .8 4.5 
22.2 2.5 
23.6 4.5 
23.7 6.4 
21.0 1l.8 
23.6 2.5 
22.3 4.6 
22.3 3.8 
20.3 3.7 
20.7 2 . 7 
22.7 5.4 
22.1 2.6 131.0 
21.8 2.3 255 . 0 
22.4 2.5 173.7 
22.4 4.1 159.0 
23 02 9.0 I 151.0 24.4 5.7 132.5 
23.0 4.6 124.0 
23.8 6.8 180.0 
22 .5 22.6 118.0 
22.1 3 . 1 I 204.0 22 . 4 1.7 317 . 0 
23.4 2.8 223.0 
23.8 2.5 110.0 
23 .4 6.7 143.0 
22.4 7.3 164.0 
xiii 
Chapter I 
QUAL ITY CONTROL 
The control of pollution often relies heavily on laboratory support. A high level of 
analytical quality is th erefore required because reported values may have far-reaching 
effects. The data may be us ed and challenged in court. The data may be used to de ter-
mine whether or not standards are being me t. Decisions on industrial process change s, 
control device installation, and even the construction of new facilities are often based 
on the results of laboratory analyses. 
The Environmental Protection Commission through its quality assurance coordinator has an 
established program which includes methodology evaluations, equipment calibration, 
documentation, and many other elements too numerous and complex to describe here in detail. 
In general, samples are collected using appropriate sampling devices in areas and at depth s 
most representative of that body of water. A variety of EPA approved sample preservation 
techniques are employed. Samples are delivered to the laboratory as soon as possible in 
order to minimize any chemical or biological changes. 
With every batch of samples being analyzed for a particular parameter, at least one 
sample is run in duplicate in order to determine the precision of the results. For even 
greater reliability, all samples are run in duplicate for selected parameters such as 
BOD analysis. 
The accuracy of most parameters is determined on each batch of samples by the so-called 
"spiking technique" in which a known amount of pollutant is quantitatively added to an 
actual sample. The sample is then analyzed along with the other samples and the percent 
recovery of the spike is determined . In addition, standard solutions are run along with 
samples to verify the continued use of the particular standard curve for methods employing 
colorimetric techniques. 
The table below lists the Quality Control results for the major parameters for 1976. EPA 
recommended statistical methods were used to define precision and accuracy. 
Parameter 
Ammonia Nitrogen 
Kjeldahl Nitrogen 
Nitrate Nitrogen 
Nitrite Nitrogen 
Ortho Phosphate 
Total Phosphate 
Suspended Solids 
BODS 
Chlorophyll "A" 
Color 
Sulfates 
Turb idity 
Fluorides 
Total Organic Carbon 
PH 
116.7 
92.7 
137.2 
92.7 
98.7 
102.6 
97.75 
98 . 4 
99.7 
95.5 
Control Results 
1 
Precision 
Coefficient of Variation % 
(Yearly Ave.) 
8 . 06 
5 09 
6 . 23 
8.8 
o .17 
2.6 
14 . 95 
7.1 
2 0 6 
6. 4 6 
5 04 
4 .57 
2 . 8 
15 05 
() . 72 
Table 1-1 
TAMPA BAY WATER QUALITY 1976 
CHEMICAL AND BAGrERIOLOGICAL ANALYTICAL PROCEDURES 
Parameter 
Acidity 
Alkalinity 
Ammonia 
Bacteria: Coliform 
Fecal 
Fecal Strep 
Biochemical Oxygen 
Demand 
Chloride 
Organic Nitrogen 
Chlorophyll ~,Q,£,&Total 
Color 
Conductivity 
Dissolved Oxygen 
Fluoride 
Light Penetration 
Modification of Test 
None 
Titration to pH 4.5 with 
O.02N H2S04 
None 
None 
None 
None 
None 
None 
None 
Total chlorophyll is the sum 
of ~,Q,&.£ 
Colorimeter used rather than 
Nessler tube comparison 
None 
None 
None 
20 centimeter Secchi disk 
2 
References 
Standard Methods, 14th Ed., 
1975; Method 402; pg. 273 
Standard Methods, 14th Ed . , 
1975; Method 403; pg. 278 
Orion Research, 1974 
Standard Methods, 14th Ed., 
1975; Methods 909A and C 
pgs. 928,937 
Standard Methods, 14th Ed., 
1975; Method 9l0B, pg. 944 
Standard Methods, 14th Ed., 
1975; Method 9l0B, pg. 944 
Standard Methods, 14th Ed., 
1975; Method 507, pg. 543 
Standard Methods, 14th Ed., 
1975; Method 408B, pg. 304 
(Calculated from Ammonia 
and Kjeldahl) 
Standard Methods, 14th Ed., 
1975; Method 1002G.I., pg. 
1029 
Standard Methods, 14th Ed., 
1975; Method 204B, pg. 66 
Standard Methods, 14th Ed., 
1975; Method 205, pg. 71 
Standard Methods, 14th Ed., 
1975; Methods 422B and F, 
pgs. 443 and 450 
Standard Methods, 14th Ed., 
1975; Method 4l4B, pg. 391 
Netals 
(Calcium,Chromium,Copper, 
Iron,Lead,Magnesium, 
Mercury,Potassium,Sodium, 
Zinc) 
Nitrate 
Ni trogen (Total Kjeldahl) 
pH 
Nitrite 
ORP 
Phosphate 
(Dissolved Ortho) 
Plankton 
Salinity 
Re sidue (Filterable) 
Residue (Total) 
Residue (Non-Filterable) 
Su l fate 
Temperature 
Turbidity 
Total Orga nic Carbon 
'\'()tal Pltosplt a tl' 
None 
Delete cold wate r bath. Add Bru-
cine reagent, sulfuric acid & 
place in 100c C oven for 30 minute~ 
Micro Kjeldahl equipment used. 
Selenium catalyzed Acid-Salt di-
gestion followed by Analysis for 
Ammonia by probe. 
Corning Combination Elec trode 
None 
None 
None 
1/10 mI. of sample or greater ob-
served at 100 X 
Use Tables for the Determination 
of Salinity of Seawater from E-
lectrical Conduct i vity , Univ. of 
Montreal, 1962 
None 
None 
Calculation of difference be tween 
Total and Filterable 
None 
None 
None 
None 
None 
J 
I~ Pl\ Me thods for Chemical 
Analysis of Water & Wastes, 
pgs . 78-156 
EPA Nethods for ' .i lemica1 
Analysis of Wa t er & Wastes, 
1974; pg. 197 
Orion Research, 1974 
Standard Methods, 14 th Ed . , 
1975; Me thod 424, pg . 460 
EPA Methods for Chemical 
Analysis of Water & Was t es, 
1974, pg. 215 
Operating Manual Hydro1ab 
Surveyor 60 Model 
Standard Methods, 14th Ed. , 
1975;Method 425F, pg o 481 
Standard Methods, 14th Ed ., 
1975; Method 209A, pg . 99 
Standard Methods, 14th Ed o, 
1975; Method 208B, pg o 92 
Standard Methods, 14th Ed., 
1975; Method 208A, pg . 91 
Standard Methods, 14th Ed., 
1975; Nethod 2080, pg . 94 
Standard Methods, 14th Ed . , 
1975; Me thod 427C, pg . 496 
Standard Methods, 14th Ed., 
1975; Me thod 212, Pg. 125 
Standard Methods, 14th Ed . , 
1975; Me thod 2l4A, pg. 132 
Standard Methods, 14 th Ed u, 
1975; Method 505, pg . 532 
Standard Meth ods , 14th Ed ., 
J <) -; 5 ; I'lL: I II t) d ~ :! 'j ( : . J J 1 all eJ 
Chapter 2 
NUTRIENTS 
General 
Nutrients are those substances in a body of water which promote and maintain the 
growth of plants and animals. These substances are measured because abnormal 
amounts can contribute to excessive growths which may create a chain reaction of 
detrimental effects on the ecosystem , Fish kills, odors, discolorations, turbidity, 
shell fish poisoning, sedimentation, flooding, and navigational problems are but a 
few of the problems effected by nutrients. 
The substances required for algae and other aquatic plant growth can be placed into 
two categories: the macronutrients and the micronutrients. Phosphorous and nitrogen 
are in the macronutrients category along with carbon, hydrogen, oxygen, sulfur, po-
tassium, magnesium, and sodium. The micronutrients are calcium, iron, manganese, 
copper, zinc, molybdenum, vanadium, boron, chloride, cobalt, and silicon, 
Phosphorous and nitrogen in their various chemical forms are the principal nutrients 
of ecological concern. This report contains data on total phosphate, dissolved ortho-
phosphate, nitrate nitrogen, organic nitrogen, ammonia nitrogen and total Kjeldahl 
nitrogen. 
Phosphorous and nitrogen are considered the more important nutrients to be measured 
because these substances most often have been found to be the limiting factors con-
trolling excessive plant growth. 
Phosphate 
From 1972 through 1975 dissolved orthophosphate was measured throughout the Tampa 
Bay Basin. However, because the Florida Department of Envi~onmental Regulation 
placed a limitation on total phesphate discharged into the waters qf the state, 
total phosphate was measured during 1975 and 1976. 
To determine the percentage of total phosphate that was in the form of dissolved 
orthophosphate, both parameters were measured during 1975 and 1976 for selected 
stations, During 1975, on the average, 98% of the total phosphate was in the form 
of dissolved orthophosphate , During 1976 the figure was 94% , 
During 1976 total phosphate values ranged from a high of 1.96 mg/l in Hillsborough 
Bay (near LeGardinier-U.S. Phosphoric Products, Inc.) to a low of 0.12 mg/l near 
Egmont Key. In general, Hillsborough Bay averaged from 1 to 2 mg/l total phosphate, 
Old Tampa Bay and upper Tampa Bay averaged between 0.5 and 1 mg/l, while the lower 
portion of Tampa Bay was less than 0.5 mg/l , 
Phosphate - Tributaries 
Within the tributaries the highest total phosphate average was 14,00 mg/l in Turkey 
Creek. This was probably the result of discharge from Lykes Brothers Meat Packing 
Plant in Plant City. 
Other high total phosphate concentrations occurred in the North Prong of the Alafia 
River in Polk County ( 5 .27 mg/l) , North Prong above convergence (5 , 97 mg/l) , South 
Prong above convergence (3.07 mg/l) and the Alafia River at Bell Shoals Road 
(3.73 mg/l). The high values in the Alafia River were the result of phosphate 
mining and processing operations in Polk County. 
The lowest total phosphate average was 0 , 08 mg/l at Cypress Creek, Trout Creek 
also had a low value of 0.12 mg/l. 4 
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Phosphat e - Trends 
A comparison of SYMAPs for total phosphate during 1975 and 1976 shows a decrease 
in total phosphate, particularly in the Hillsborough Bay area. However, Hills-
borou gh Bay remained th e area with the highest concentration " 
A c omparison of avera ge phosphate concentrations in the Tampa Bay Basin from 1972 
through 1976 shows a decreasing trend in phosphate concentration. 
Phosphate concentrations in the North Prong of the Alafia River have also shown a 
decreasing trend. In 1974 the value was 16.53 mg/l, in 1975 it was 10.34 mg/l, 
and in 1976 it decreased to 5 . 97 mg/l. 
Nitrate Nitrogen 
Nitrate enters the water from land run-off, industrial and domestic waste, rainfall, 
and from the chemical-biological oxidation of other forms of nitrogen, such as 
ammonia, nitrite and protein. 
In 1976 nitrate concentrations ranged from a geometric Olean of 0.051 mg/l at the 
mouth of the Alafia River and 0.043 mg/l at the mouth of the Hillsborough River to 
low of 0.011 mg/l at station #21 in Tampa Bay. Generally, throughout the Tampa 
Bay Basin, the nitrate pattern in 1976 was similar to 1974 and 1975 patterns. 
Hillsborough Bay at the mouths of the A lafia River and the Hillsborough River 
averaged from 0.04 to 0.06 rug/l. The remainder of Hillsborough Bay averaged from 
0.02 to 0.04 mg/l as did portions of Old Tampa Bay and Tampa Bay" The remainder 
of the Bay was less than 0.02 mg/l. 
Because nitrogen was the limiting nutrient in the Tampa Bay Basin, the nitrate 
concentrations within the Bay were difficult to interpret by themselves. Rela-
tively low nitrate concentrations could result from low nitrate input or from high 
nitrate uptake by plants. Consequently, nitrate concentrations and chlorophyll 
concentrations mus~be considered together to acquire a proper interpre tation of 
the nitrate data. 
In areas of the Bay with relatively high chlorophyll concentrations, much of the 
nitrate is probably in the form of phytoplankton. Therefore, the nitrate con-
centrations in these areas may appear to be low, thereby masking a significant 
input of nitrate, such as a sewer plant discharge. Areas of the Bay with 
! relatively high nitrate and chlorophyll concent:ra tions (such as Hillsborough Bay and Old Tampa Bay northeast of the Courtney Campbell Causeway and the Largo Inlet area) should indicate areas of high nitrate input. 
Nitrate Nitrogen - Tributaries 
The tributary with the highest nitrate concentration (6.13 mg/l) was Delaney Creek 
a t U. S . 41. Delaney Cr eek was a new s tation in 1976 and the high nitrate value 
was a r esult of the industrial discharge from Nitram, Inc. (a nitroge n fertilizer 
processing plant) located upstream from U. S. 41. 
The second highest tributary was Turkey Creek with a concentration of 2.63 mg/l. 
Turkey Creek also had hi gh nitrate values in 1973, 1974 and 1975. A special 
study of Turkey Creek revealed that the primary source of the high nitrate con-
centrations was a discharge from Lykes Brothers, Inc., a meat packing company near 
Plant Ci t y . Their dischar ge is scheduled to be eliminated from Turkey Creek during 
1977. Double Branch Creek and Channel "A" had the lowest geometric mean nitrate 
concentrations with 0.028 mg/l and 0.027 mg/l respectively " 
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Total Kjeldahl Nitrogen 
Total Kjeldahl Nitrogen is a parameter which is frequently used as an indicator of 
sewage and industrial waste pollution. Kje1dah1 nitrogen includes nitrogen from 
ammonia, amino acids, polypeptides and proteins. Most of these forms of nitrogen 
are of biological origin" Nitrogen is released from its organic form as ammonia 
which becomes ammonium ion in water. Some ammonium ion may then be oxidized step-
wise to nitrite and nitrate. 
During 1976 geometric mean values for Kje1dah1 nitrogen ranged from a high of 
0.35 mg/1 at the mouth of the Hillsborough River and 0.32 mg/1 at the mouth of the 
Alafia River to a low of 0 0 17 ug/l in the middle of Tampa Bay. There were no areas 
of the Bay with a Kjeldah1 nitrogen range of 0.6 mg/1 or greater~ br with alrang;-of 
0.4- to- O--;-6rng/I. NeaT ly all of Hillsborough Bay and Old Tampa Bay and portions of 
~Bay av~raged from 0.2 to 0.4 mg/1. The remaining areas of the Bay had a 
geometric mean of less than -0:2 mg/I. ~ 
Total Kjeldah1 Nitrogen - Tributaries 
Within the tributaries during 1976 the highest geometric mean Kje1dah1 nitrogen 
(10.54 mg/1) was measured at Delaney Creek and U. S. 41. This high value can be 
attributed to the industrial waste discharge from Nitram, Inc., a nitrogen fer-
tilizer processing plant, located upstream from the sampling station. 
The second highest value (8.74 mg/1) was recorded from the North Prong of the 
A1afia River in Polk County. The high values at this station were probably the 
result of decomposing water hyacinths rather than a discharge. The North Prong 
has been channelized in this area and the waterway is choked with hyacinths. The 
North Prong station downstream from this station had a value of only 0.25 mg/1. 
The third highest value (2.78 mg/1) was recorded from Turkey Creek. This high 
value was the result of discharge from Lykes Brothers, Inc . , a meat packing plant 
near Plant City. Their discharge is scheduled to be eliminated from Turkey Creek 
during 1977. 
The next highest value (1.52 mg/1) was measured in Sweetwater Creek. This high 
value can be attributed to the domestic waste discharge from the Sweetwater I 
sewage treatment plant located upstream from the sampling station. 
The lowest geometric mean Kje1dah1 nitrogen (0.17 mg/1) was measured in the Hills-
borough River at Morris Bridge Road. 
Total Kje1dah1 Nitrogen - Trends 
Reduction in Kje1dah1 nitrogen occurred in Hillsborough Bay and in some areas of 
Tampa Bay as compared to 1975. 
Conclusions 
High nutrient concentrations were found in waters which received domestic or in-
dustrial waste. Hillsborough Bay has shown improvement in nutrient concentrations 
as compared to previous years, but was still excessive du~ primari1y to discharge 
from the City of Tampa Hooker's Point sewage plant. Turkey Creek had high nutrient 
values due to discharge from Lykes Brothers, Inc., a meat packing plant near Plant 
City. Delaney Creek had high nitrogen concentrations due to discharge from Nitram 
Inc., a nitrogen fertilizer processing plant. The A1afia River had high phosphate 
concentrations, primarily due to phosphate mining and processing activities in Polk 
County. Phosphate concentrations have been reduced from previous years. 
Waters within the Tampa Bay Basin and its tributaries will continue to have ex-
cessive nutrient concentrations and the problems associated with over-nutrification 
until industrial and domestic waste sources provide advanced waste treatment~ 
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CHLOROPHYLL 
General 
Chlorophyll analysis is an indirect measure of the quantity of planktonic algae 
present in a body of water. This algae may in turn be an indicator of eutrophi-
cation. The population or quantity of planktonic algae in the waters of the Tampa 
Bay Basin may frequently have a direct or indirect relation to the occurrence of 
fish kills, odors, discoloration of waters, water clarity or other phenomena. 
Measurements of chlorophylls ~, ~, ~, and total chlorophyll were determined from 1972 
through 1976. Analytically, chlorophyll ~ was the pigment which was most precis e ly 
and accurately determined. Consequently, chlorophyll ~ was included in the dis-
cussion while the other pigments were simply listed in the data. Chlorophyll ~ is 
not a true indicator of biomass since some planktonic species contain no chloroplasts 
and when chloroplasts are present, they vary in number, size and pigment content per 
cell. Light, nutrients and other factors also influence the quantity of chlorophyll 
per cell so that their horizontal and vertical distribution in a body of water be-
comes important. Despite these variables and limitations, chlorophyll determinations 
are felt to be a useful indicator of relative phytoplankton population. 
Measurements 
During 1976 chlorophyll ~ concentrations averaged from a high of 40.7 ug/l in 
Hillsborough Bay just south of Davis Islands to a low of 3 , 9 ug/l near Egmont 
Key. 
All of Hillsborough Bay and McKay Bay averaged 20 ug/l or more , Old Tampa Bay 
northeast of the Courtney Campbell Causeway and in the Largo Inlet area averaged 
from 15 to 20 ug/l; while much of the remainder of Old Tampa Bay averaged 10 to 
15 ug/l. Much of Tampa Bay averaged from 5 to 10 ug/l; while the eastern and 
southern portion was less than 5 ug/l. 
Tributaries 
Within the tributaries, the highest chlorophyll a avera ge was found in the Tampa 
Bypass Canal (62.6 ug/l). The Tampa Bypass Canal also had the highest value during 
1975. The canal has been a source of numerous complaints from residents concerning 
algae blooms and fish kills. Industrial waste, domestic waste, landfill leachate, 
storm water run-off and the channelization of the Palm River and Six Mile Creek all 
have contributed to the poor water quality which exists in the Tampa Bypass Canal. 
The second highest chlorophyll a average occurred in Lake Thonotosassa at the mouth 
of Flint Creek (58.3 ug/l). Lake Thonotosassa receives treated domestic and indus-
trial waste from Plant City as well as agricultural r~n-off. Algae blooms with re-
sultant fish kills are common in Lake Thonotosassa during warm weather. 
The lowest chlorophyll a average (2.7 ug/l) was measured in Fishhawk Creek, a 
tributary to the Alafia River. 
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Trends 
The SYMAP for chlorophyll ~ during 1976 was very similar to that of 1975. Values 
improved slightly in Old Tampa Bay but the patterns of pollution were still visibleu 
Average chlorophyll a concentrations throughout 
about 10 ug/l in 1972 to about 15 ug/l in 1975. 
slightly to about 14 ug/l. 
Algae Blooms 
the Tampa Bay Basin increased from 
In 1976 the concentration dropped 
An algae bloom is an excessive growth of a microscopic plant. During 1975 algae 
continued to cause numerous problems within some portions of the Tampa Bay Basin, 
some tributaries and some lakes within Hillsborough County. Turbidity, odors, 
discolorations of the water and fish kills have frequently been caused directly or 
indirectly by algae blooms. 
Dinoflagellates, which are microscopic single-celled algae, frequently cause algae 
blooms in Tampa Bay. The dinoflagellate species of greatest concern locally is 
Gymnodinium breve, a red tide organism which has plagued the west coast of Florida 
and Tampa Bay for many years. 
In 1971 Tampa Bay experienced a major red tide outbreak which killed millions of fish 
throughout the Bay. In 1972 and 1973 no red tide blooms were detected. In 1974 
outbreaks occurred all along the west coast of Florida from Port Charlotte to Clear-
water. This outbreak, however, was not as severe or damaging as the 1971 outbreak. 
In 1975 the red tide organism, Gymnodinium breve, was not detected in Tampa Bay . 
In 1976 red tide was again absent from Tampa Bay; however, other non-toxic species 
of dinoflagellates and other algae were detected as follows: 
Month Location 
January Strawberry Lake 
Bullfrog Creek 
Tampa Bypass Canal 
February Tampa Bypass Canal 
March Hillsborough Bay 
Tampa Bypass Canal 
McKay Bay 
April Hillsborough Bay 
14 
Species Detected 
Bloom of Anacystis and Botryococcus. 
Bloom of Prorocentrum triestinum and 
fish kill. 
Bloom of Praocentrum triestinum. 
Gymnodinium s~ndens bloom. 
Bloom of Gymnodinium splendens and 
Gonyaulax digitalis. 
Bloom of Gonyaulax digitalis and 
Gymnodinium splendens. 
Fish kill and bloom of Gonyaulax 
digitalis and Gymnodinium splendens. 
Bloom of Gonyaulax digitalis. 
Tampa Municipal Beach 
Davis Islands Boat Ramp 
Old Tampa Bay 
Hillsborou gh Bay 
June Tampa Bypass Canal 
July Tampa Bypass Canal 
Hillsborough Bay 
August No blooms. 
September Hillsborough Bay 
October No blooms 0 
November No blooms. 
December No blooms. 
Conclusions 
B loonl of C()n~aul ax diacantha and 
c: ymnod j Il "j um splendensu 
Bloom of Go nyaulax digitalis. 
Bloom of Gonyaulax digitalis. 
Bloom of Gonyaulax digitalis 0 
Bloom of Gonyaulax di gitalis. 
Bloom of Gonyaulax digitalis. 
Bloom of Ceratium hircus 0 
Bloom of Ceratium hircus. 
Bloom of Gonyaulax digitalis and 
Gymnodinium s plendenso 
High chlorophyll ~ concentrations and algae blooms were found in wa t er s which re-
ceived waste discharges and/or storm run-off o Clearly, chlorophyll ~ concentrations 
will continue to be excessive and al gae blooms will continue t o be a problem until 
nutrient levels are properly ~ontrolled in waste discharge s and in storm run-off. 
lS 
Chapter 4 
OXYGEN RELATIONSHIPS 
In the de licate balance of nature which exists in an estuary such as Tampa Bay, 
dissolved oxygen can be a limiting factor of critical importance , To support a 
balanced ecosystem the waters of the estuary must contain sufficient quantities of 
dissolved oxygen to sustain animal metabolism. 
Variations in dissolved oxygen are a function of discharge of soluble organic 
material, oxyge n demand and rate of uptake of benthic deposits, photosynthesis and 
r espiration by plankton, water temperature, re-aeration, and freshwater input and 
tidal exchange. 
Biochemical oxygen demand is a measure of the amount of decomposable material in the 
water. When this material is decomposed, dissolved oxygen in the water is utilized 
by saprotrophic organisms. Therefore this decomposition can exert a demand on the 
dissolved oxygen within the water and thereby reduce the dissolved oxygen available 
for aquatic animal metabolism. 
Rules and Re gulations 
According to the Rules and Regulations of the Hillsborough County Environmental 
Protection Commission, the dissolved oxygen of waters shall not be artificially 
depressed below the values of 4.0 mg/1 or 70% saturation . Biochemical oxygen de-
mand shall not be altered to exceed values which would cause dissolved oxygen to 
be depressed below the limits listed above and, in no case, shall it be great 
enough to produce nuisance conditions , 
Measurements 
During 1976 BODS was measured from samples collected from mid-depth. Dissolved Oxy-
gen was measured at top, middle and bottom by means of a Hydro1ab mu1tiparameter 
field instrument. 
BODS 
During 1976 BOD ranged from an average of 6.2 mg/1 at Ballast Point in Hillsborough 
Bay to 1.4 mg/1 in the middle of Tampa Bay. All of Hillsborough Bay and Old Tampa 
Bay northeast of the Courtney Campbell Causeway averaged 4 mg/1 or greater. The 
Lar go Inlet area of Old Tampa Bay averaged between 3 and 4 mg/1 BOD. The remainder 
of Old Tampa Bay and a few areas of Tampa Bay averaged between 2 and 3 mg/l; while 
most of Tampa Bay averaged less than 2 mg/1 BOD. 
BODs- Tributaries 
Within the tributaries the highest average BODS was found in the Tampa Bypass Canal 
(8 .7 mg/1). Other tributaries with high average BODS concentrations were Turkey 
Creek (6.7 mg/l), Lake Thonotosassa at the mouth of Flint Creek (5.1 mg/1) and 
Delaney Creek (5.5 mg/1). The tributary with the lowest BODS concentration was the 
A1afia River at Be ll Shoals Road (0.7 mg/l). 
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BODS Trends 
In previous year the general pattern for BODS in Tampa Bay was one of relatively 
high values in Hillsborough Bay, in Old Tampa Bay northeast of the Courtney Camp-
bell Causeway and in the Largo Inlet area of Old Tampa Bay. Values decreased going 
south toward the mouth of the Bay. In 1976 that same general pattern again was 
evident. 
Dissolved Oxygen 
Dissolved oxygen saturation in Hillsborough County waters, depending on temperature 
and salinity, is around 7 or 8 mg/l. Dissolved oxygen will vary diurnally. Higher 
values occur during the day due to photosynthesis and lower values are evident at 
night due to respiration in the absence of photosynthesis. An area with a high 
BODS could be expected to have a dissolved oxygen concentration below saturation. 
An area undergoing an algae bloom could be expected to have a wildly fluctuating 
diurnal cycle of dissolved oxygen with values higher than saturation during the 
day and values lower than saturation at night. Consequently, dissolved oxygen 
values around 7 or 8 mg/l would indicate normal conditions; whil e values signifi-
cantly higher or lower may indicate a stressed environment. 
Dissolved oxygen concentrations may also vary vertically in the water column. 
Dissolved oxygen may be highest near the surface where atmospheric oxygen can be 
introduced into the water; while concentrations on the bottom may be low due to 
organic decomposition resulting in a stressed environment for benthic organisms. 
Dissolved Oxygen - Top 
During 1976, at the surface, the lowest average dissolved oxygen concentration ~as 
4.8 mg/l at the mouth of the Hillsborough River in Hillsborough Bay. Values sig-
nificantly higher than saturation occurred at station 71 in Hillsborough Bay 
(10.4 mg/l) and in McKay Bay (10.0 rug/I). 
The SYMAP for Dissolved Oxygen Top-Arithmetic Mean shows an area at the mouth of 
the Hillsborough River which averaged less than S mg/l. Areas northeast of the 
Courtney Campbell Causeway and at the mouth of the Little Manatee River averaged 
between Sand 7 mg/l; while the remainder of the Bay averaged 7 mg/l or more. 
Dissolved Oxygen - Middle 
At mid-depth, the lowest average dissolved oxygen concentration was 4.8 mg/l at the 
mouth of the Hillsborough River. Other areas with values below saturation included 
6.3 mg/l at the mouth of the Alafia River and in upper Old Tampa Bay northeast of . 
the Courtney Campbell Causeway. There were no stations at mid-depth with averages 
significantly higher than saturation. 
The SYMAP 
the mouth 
between S 
Tampa Bay 
Causeway. 
for Dissolved Oxygen Middle-Arithmetic Mean indicates that the area at 
of the Hillsborough River averaged less than S mg/l. Areas with values 
and 7 mg/l included the mouth of the Little Manatee River, upper Old 
northeast of the Courtney Campbell Causeway and McKay Bay at the 22nd St. 
The remainder of the Bay averaged 7.0 mg/l or more . 
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Dissolved Oxygen - Bottom 
At the bottom, the lowest dissolved oxygen concentration was 4 . 3 mg/l in McKay Bay 
at the 22nd St. Causeway. The mouth of the Hillsborough River measured 4.8 mg/l. 
A number of other stations averaged below saturation, but there were no stations 
that averaged significantly above saturation. 
The SYMAP for Dissolved Oxygen Bottom-Arithmetic Mean shows that the mouth of the 
Hillsborough River and McKay Bay averaged less than 5 mg/l. Nearly all of Hills-
borough Bay, a portion of upper Tampa Bay, and upper 01d Tampa Bay northeast of the 
Courtney Campbell Causeway averaged between 5 and 7 mg/l. The remainder of the Bay 
averaged 7.0 mg/l or more. 
Dissolved Oxygen-Bottom-Second Minimum Value 
Dissolved oxygen, when limited for only a very short time can cause significant 
effects on the aquatic ecosystem. An entire community of aquatic organisms can be 
decimated after only a few hours of oxygen depletion. Population shifts may occur 
after periods of oxygen stress, favoring facultative anaerobes or pioneer com-
munities . 
In an attempt to portray areas with low dissolved oxygen values during 1976 while 
reducing the possibility of error, a SYMAP is presented of Dissolved Oxygen on the 
bottom using second minimum values. McKay Bay and Hillsborough Bay near Ballast 
Point had values less than 2 mg/l. Much of the remainder of Hillsborough Bay was 
between 2 and 3.5 mg/l. The area of oxygen stress extended out of Hillsborough 
Bay and into Tampa Bay with values between 3 . 5 and 5 mg/l . Upper Old Tampa Bay 
northeast of the Courtney Campbell Causeway was also in this range . The remainder 
of the Bay was 5.0 mg/l or more. 
Dissolved Oxygen - Tributaries 
Within the tributaries, dissolved oxygen samples were collected from mid-depth. 
A number of stations averaged below saturation . The North Prong of the Alafia 
River in Polk County averaged 2.3 mg/l, Delaney Creek averaged 2 . 5 mg/l, and the 
Tampa Bypass Canal at S.R. 60 averaged 2.9 mg/l. Cypress Creek had a value of 
3.2 mg/l. Sweetwater Creek was 4.0 mg/l, Trout Creek was 4.3 mg/l, Two Hole Branch 
was 4.4 mg/l, Rocky Creek averaged 4.7 mg/l, and Hillsborough River at Fowler and 
Turkey ' Creek both averaged 4.9 mg/l. Dissolved oxygen concentrations significant-
ly greater than saturation occurred in the Tampa Bypass Canal (9.1 mg/l) and in Lake 
Thonotosassa at Flint Creek (9.4 mg/l). 
Dissolved Oxygen Trends 
In 1976 within Tampa Bay dissolved oxygen values at the surface were similar to 
those during 1975. Values at mid-depth and on the bottom were improved from 1975; 
however, the worst areas remained bad . Second minimum dissolved oxygen on the 
bottom was similar to 1975. 
Total Organic Carbon 
During 
Basin. 
useful 
water . 
1976 Total Organic Carbon (TOC) was measured quarterly within the Tampa Bay 
TOC is a measure of all the carbon in a sample. This measurement can be 
in assessing the potential oxygen demand of organic materials on a body of 
TOC correlates with traditional five-day biochemical oxygen 
dicator of organic loading of many waters and wastewaters. 
of TOC over the BODS test are speed and accuracy. 
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TOC is cOlls idered by the U. s . I~ nvironmental Protec ti on Agency as ;\ so-ca lled 
"demand" a nalysis. I n the t e sting of sewage trea tment plants, th e EPA a llows t ha t 
TOC may be substituted f or BOD a f ter a long-term corre l a t ion has hee n demonstr::1t ed 
for the plant in question. 
Although TOC is useful in ass es sing the potential oxygen demand on a body o[ wa t e r, 
it must be kept in mind that not all forms of organic carbon exer t a n oxygen demand. 
For example, hi ghly colored marsh waters may have a high TOC value but a very low 
BODS value. 
TOC Measurements 
During 1976 the highest average TOC was found at station #66 in Old Tampa Bay 
(13.5 mg/l). The lowest average was 2 . 7 mg/l near Egmont Key . 
TOC averages of 9 mg/l or more occurred in Hillsborough Bay at th e mouth of the 
Hillsborough River and at Ballast Point, in Old Tampa Bay northeast of the Courtney 
Campbell Causeway and on the western half of the bay, and in the middle of Tampa 
Bay near the Little Manatee River. The remainder of Hillsborou gh Bay, Old Tampa 
Bay, and the center of Tampa Bay averaged be tween 6 and 9 mg/l . The r emainder of 
Tampa Bay generally averaged from 3 to 6 mg/l while a s ma ll area near Egmont Key 
measured less than 3 mg/l. 
TOC-Tributaries 
Of the tributaries during 1976, Lake Thonotosassa at the mouth of Flint Creek had 
the highest TOC average of 17.4 mg/l. The lowest average was recorded at the 
Hillsborough River at U. S. 301 (2.8 mg/l). 
TOC Trends 
During 1976 a genera l increase in TOC value s was seen throughout the Bay. 
In previous year very high TOC values were measured from the Hillsborough Rive r be -
low the dam caused by a discharge of alum sludge from the City of Tampa Water Trea t-
ment Plant. The TOC values for this station during 1973, 1974 and 1975 were 
246.7 mg/l, 42.3 mg/l and 15.8 mg/l res pective ly. During 197 6 the station showed a 
further improvement with an average of 9.0 mg/l. The gradual reduction of TOC 
values over the f our-year period may be explained by the r eduction of discharge 
volume by the City over the same period. 
Conclusions 
Areas with high BOD ge ne rally also had hi gh TOC. The revers e , however, was not 
necessarily true. Some areas with high TOC r e sulted from highly c o lored rive r 
water discharge and did not have a corresponding ly high BOD . 
BOD and dissolved oxygen generally were inve rsely proportional; tha t is, areas wi th 
high BOD generally had low dissolve d oxygen. 
Areas under going oxygen stress had dissolved oxyge n values ei the r signi fican t ly 
he low or above satura tion, imlicat ing condi.tions charact eriz ed by or gani.c de -
composi t ion or algae bloolTl. 
II llJ s \J Cl r oll )',h 1 ay , lilt! Uppl' l- Old T amp;1 II,'Iy h ad II i )',11 IIOIl ilnd T oe il ll(l low d i sso J vet! 
oxyge n i ndi. cating SLTl~SS I.rom sewa ge' lreat lllc nl pla nt di se li a r)',es ill (' ae li J Clcati.on. 
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Chapte r 5 
BACTERIA 
Introduction 
During 1976 water samples were collected monthly from mid-depth and analyzed for 
presumptive coliform bacteria and fecal coliform bacteria . The analysis of natural 
waters for bacterial contamination can provide information concerning the relative 
degree of water quality, the location of pollution sources, the compatibility of 
various waters to swimming and shellfish harvesting, and the effectiveness of pollu-
tion abatement programs. 
Consistently high levels of presumptive and fecal coliform bacteria may indicate 
poor water quality and may lead to the identity of point or diffuse sources of 
water pollution. 
Coliform bacteria, although not necessarily harmful themselves, may be indicative 
of the presence of micro-organisms which are harmful to humans. The pre sence of 
fecal coliform bacteria in water samples indicates contamination by feces from 
warm-blooded animals (humans or cattle) and may offer a more specific indication of 
the presence of bacteria which are harmful to humans. 
Intestinal wastes from warm-blooded animals re gularly include a wide variety of 
genera and species of bacteria, including the coliform gr oup and species of the 
genera Streptococcus, Lactobacillus, Staphylococcus, Proteus, Pseudomonas, certain 
spore-forming bacteria and others. In addition to these r egular constituents, many 
kinds of pathogenic bacteria and other micro-organisms may be released in wastes on 
an intermittent basis, varying with the ge ographic area, state of community health, 
nature and degree of waste treatment and other factors. Such pathogenic or ganisms 
may include bacterial species of Salmonella, Shigella, Leptospira, Brucella, Myco-
bacterium, and Vibrio comma; a wide variety of viruses, including infectious hepa-
titis, Polio-viruses, Coxsackie virus, ECHO viruses, and unspecified viruses postu-
lated to account for outbreaks of diarrheal and upper respiratory diseas e s of un-
known etiology, apparently infective by the water-borne rout e; and the protozoan, 
Endameoba histo1ytica. 
The coliform group of bacter ia which is used as an indicator of bacterial pollution 
occurs not only in human feces but also r epresentatives are f ound in many environ-
mental media, including sewage , surface waters, in and on soils, vegetation, etc. 
The coliform group includes the following bacteria : Escherichia coli, ~ aurescens, 
~ freundii, ~ intermedia, Aerobacter aerogenes, ~ cloacae , and biochemical inter-
mediates between the genera Escherichia and Aerobacter. 
An analysis of presumptive coliform bacteria measures the genera l coliform group, 
including bacteria of fecal and non-feca l origin while the ana l ysi s of f ecal coli-
form bacteria measures typical Escherichia coli and close l y r e lated strains, but 
does not measure Aerobacter aerogenes and its close r e latives which are assumed not 
to be of direct fecal origin . 
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Measurements 
During 1976 the waters of the Tampa Ray Basin were s ample d mondi y for Total Coliform 
Bacteria and for Fecal Coliform Bacteria. Water samples we re collected from mid-
depth and analyzed in the laboratory utilizing the membrane filt e r method. 
Second Maximum Total Coliform Bacteria 
In an attempt to depict visually the worst conditions which existed in the Tampa Bay 
Basin during 1976, while minimizing the possible effect of experimental error, the 
second maximum total coliform bacteria concentrations were SYMAPed. The darkest 
areas depict waters whose second maximum value was 3300 or more; while the lightest 
shaded areas depict waters whose second maximum values were less than 1100. The 
darkest areas occurred in the northern half of Hillsborou gh Bay and in upper Old 
Tampa Bay northeast of the Courtney Campbell Causeway. These areas have consistent-
ly shown high bacteria concentrations and are due to pollution discharges. In 
addition another area of high bacteria occurred south of th e Int e rbay Peninsula. 
A closer examination of the data revealed that the high value r esulte d from three 
months with high counts. The other nine months had values of less than 100 and in 
no case did fecal coliform exceed less than 100. Consequently, the high value south 
of the Interbay Peninsula may have been the result of rain runoff rather than a point 
source of pollution. 
Total Coliform Bacteria 
In an attempt to visualize the more typical bacteria concentrations within the Tampa 
Bay Basin, rather than the worst conditions, a SYMAP is presented which depicts 
water areas which exceed various total coliform bacteria concentrations during two 
or more months of the year. The darkest area of the SYMAP depicts waters in which 
the concentration of 10,000 colonies per 100 m1 sample was exceeded during 2 or more 
months; while the lightest areas depict waters not exceeding the concentration of 
100 colonies per 100 m1 sample during 2 or more months of the year. 
During 1976 the darkest shaded areas (exceeded 10,000 colonies) occurred in Hills-
borough Bay south of Davis Islands. Areas of the bay e~ceeding 2400 during 2 or 
more months include upper Old Tampa Bay northeast of the Courtney Campbell Causeway 
and Tampa Bay south of the Interbay Peninsula. A portion of Old Tampa Bay exceeded 
1,000 during 2 or more months; while the remainder of the bay was relatively clean, 
exceeding 100 during 2 or more months. 
Fecal Coliform Bacteria 
In an attempt to visualize areas of the Tampa Bay Basin subj ect to fecal coliform 
contamination, a SYMAP is presented which depicts water areas which exceed various 
fecal coliform concentrations during 2 or more months of the year. The darkest 
area of the SYMAP depicts waters in which the concentration of 2,400 colonies per 
100 rn1 sample was exceeded during 2 or more months; while the lightest shaded areas 
depict waters not exceeding the concentration of 100 colonies during 2 or more 
months of the year. 
During 1976 the darkest shaded area (exceeding 2,400) occurred in Hillsborough Bay 
south of Davis Islands. Areas exceeding 1,000 occurred throughout the north half of 
Hillsborough Bay and in upper Old Tampa Bay northeast of the Courtney Campbell Cause-
way. A small area of Old Tampa Bay exceeded 200; while the remainder of the basin 
was r e latively clean. 
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(JIll ' of t il L! 1I10St hanl1[u l Lcsul t s of bacteria ] contamina t ion Ls t he LcnJ cL ing o j 
wat e r s unsafe for swimming . According to the Rule s and l{cgula U ons of tiI C' II i I I s -
bor ough County Environmental Protection Commission, bacterja -I cnnce n t l-at ioll s (. :-: -
ceeding 1000 colonies per 100 ml sampl e indicate waters wh ic h arL! ullsa[(~ rOI- hody 
c ontact such as swimming . 
A SYMA P follows showing "Number of Months When Swimming Was [nadvisable Due t o I~x ­
ce ssive Total Coliform". Water areas having bacterial concentrations greater than 
1000 pe r 100 ml for 7 or more months of a year have the darkest shading; whil e thos e 
areas displaying concentrations which did not exceed 1000 during any month of the 
year have the lightest shading. 
In 1976 upper Hillsborough Bay was unsafe for swimming during 7 or more months. 
Upper Old Tampa Bay was unsafe for swimming 5 to 6 months, while the rest of the 
bay was relatively safe for swimming. Public swimming beaches on the south side of 
Courtney Campbell Causeway and at Picnic Island were safe for swimming during the 
whole year. The beach on Davis Islands was unsafe for 7 or more months. 
Shellfish Harvesting 
Shellfish (oysters and clams) are filter-feeders and have the ability to filter out 
and store harmful bacteria found in polluted waters. Shellfish should be consumed 
only if they have been harvested from relatively clean, pollution-free water. A 
presumptive coliform bacteria count exceeding 70 colonies per 100 ml sample indi-
cates water from which shellfish should not be harvested or consumed . 
A SYMAP follows showing "Number of Months When Shellfish Harvesting Was Hazardous 
Due to Excessive Coliform Bacteria". Water areas having concentrations greater 
than 70 per 100 ml for 7 or more months of a year have the darkest shading; while 
those areas having concentrations which did not exceed 70 during any month of the 
year have the lightest shading. 
The darkest shaded areas (hazardous during 7 or more months) occurred throughout 
the northern half of Hillsborough Bay and in scattered areas along the eastern 
shore of Old Tampa Bay, including northeast of the Courtney Campbell Causeway. All 
of the remainder of Old Tampa Bay as well as parts of Tampa Bay were hazardous 
during 3 or 4 months. Only one station (# 92), located near the mouth of the bay, 
did not exceed 70 during any month of the year. 
Tributaries 
During 1976, of the 32 tributary stations sampled, 27 stations averaged greater 
than 1000 coliform bacteria colonies per 100 ml sample . Ten stations averaged 
gr eat e r than 10,000. Every tributary station had a maximum coliform bacteria 
concentration greater than 1000 and all but 2 stations had second maximum concen-
trations greater than 1000. Tributaries which were particularly contaminated 
included Delaney Creek, Turkey Creek and Sweetwater Creek . Tributaries which were 
r e lative l y less contaminated included the Tampa Bypass Canal, the Little Manat ee 
River and Channel A. 
Eight s tat ions averaged greater than 1000 fecal coliform with Sweetwater Creek havi ng 
the highest average of 7875. Seventeen s tat ions had a maximum fecal coliform con-
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centration greater than 1000; while nine stations exceeded 1000 with the sec ond 
maximum. Three tributaries did not exceed 100 fecal coli form during the year--
Channe l A, Li ttl e Manatee River and Cypress Creek. 
High bact eria concentrations in tributaries may result from poorl y treated human 
waste in urban areas and from runoff of animal waste in agricultural areas. 
Conclusions 
In 1972 it was stated that in Hillsborough Bay the only signi fica nt source of bac-
t er ial contamination originated from th e City of Tampa Sewage Treatment plant 
located at Hooker 's Point . The Hooker's Point Plant was a primary treatment pla nt 
discharging approximately 40 million gallons of poorly treated waste into Hills-
borough Bay daily. The discharge from this plant had the e ffect in 1972 of r e n-
dering Hillsb orough Bay, from the Hillsborough River southward beyond Ballast Point, 
unsafe for swimming or for shellfish harvesting. 
In 1973 and 1974 the polluted condit ion within Hillsborough Bay had not improved . 
During 1975 contamination within Hillsborough Bay decreased when compared to pre-
vious years; however, the northern portion near Hooker's Point and Davis Islands 
r emained severly contaminated. During 1976 the northern portion of Hillsborough 
Bay remained severely polluted by bacterial contamination. The waters of Hills-
borough Bay will continue to display unacceptably high bacterial concentrations 
until the Hooker's Point Treatment Plant is replaced by the Advanced Waste Treat-
ment Plant wh ich is presently under construction adjacent to the existing plant on 
Hooker's Point. 
In 1972 exceedingly high bacterial concentrations were measured in upper Old Tampa 
Bay northeast of the Courtney Campbell Causeway. It was determined that the bacteria 
originated from several municipal and privately-owned sewage treatment plants located 
in the northwest portion of Hillsborough County. These sewage plants discharged poor 
secondarily treated effluent into Rocky Creek, Sweetwater Creek , and Baycrest Canal, 
waters which eventually discharged into upper Old Tampa Bay. The situation was 
a ggravated by poor flushing characteristics in upper Old Tampa Bay attributable to 
Courtney Campbell Causeway. 
During 1973 and 1974 the bacterial concentrations in the northeast portion of Old 
Tampa Bay improved but were still excessive. In 1975 the bacterial concentrations 
in the northeast portion of Old Tampa Bay were consistently excessive, rendering 
that portion of the Bay unsafe for swimming or shellfish harvesting . During 1976 
that portion of the Bay remained excessively contaminated. Clearly, this portion of 
the Bay will continue to be severely polluted until the existing secondary s ewer 
plants are taken off-line and the sewage receives advanced waste treatment. Toward 
that end, Hillsborough County has purchas ed the privately-owned s ewer plants in the 
northwest area and plans to take the plants off-line and pump th e sewage to the 
County 's River Oaks Advanced Waste Treatment Plant located on Channel A. This has 
already been done to the Baycrest plant, resulting in considerably improved water 
quality in the Baycrest canals. 
The tributaries continue to have high bacteria counts, particularly during the rainy 
s eason. The hi gh bact eria concentrations within the County 's tributaries result 
primarily from non-point source run-off. The United States Environmental Protection 
Age ncy is presently studying s uch non-point pollution under th e 208 program. 
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Chapter 6 
l.ICHT CLIMATE 
Intr od uction 
In an estuary, such as the Tampa Bay Basin, the inte nsi ty of light which pre vails 
is of critical impor tanc e to the life forms which exist in th e e cosystem. 
The light climate of a body of water i s dependent on the e x ti nction of radia t ion 
which, in turn, is controlled by two factors: the absorption o f radiation by wate r 
itself or by substances dissolved in water (such as color), and the scatte ring of 
radiation by suspe nded matter (turbidity). 
An indication of the light climate of a body of water can b e acquired by measuring 
turbidity, color and light penetration . A comparison of these parameters throughout 
the waters of the Tampa Bay Basin can provide information concerning not only the 
relative degree of water clarity, but can also provide information concerning the 
location of point and non-point sources of water pollution. 
Measurements 
During 1976 the waters of the Tampa Bay Basin were sampled monthly for turbidity, 
color and effective light penetration. Water samples were collected from mid-depth 
and analyzed in the laboratory for the determination of turbidity and color . Effec-
tive light penetration was measured in the field utilizing a 20 cm diameter Secchi 
disc. 
Color 
Color in water may result from the presence of natural metallic ions, humus and peat 
materials, plankton, weeds and industrial waste (Standard Methods, 1971). 
There are two kinds of color Which can be distinguished: true and apparent. True 
color is that which is due to substances in solution within the water, ~"hereas 
apparent color can also be effected by suspended material Nithin the water as well 
as by the surrounding s. 
The water samples analyzed for color during this investi gation were centrifuge d to 
remove suspended material prior to analysis which resulted in the determination of 
true color rather than apparent color. 
Color Measurements 
During 19 7 6 color values ranged from an average of 26. 5 platinum-cobalt units at the 
mouth of the Hillsborough River to 2.6 units near Egmont Key . Color values of 9 or 
more were found throughout Hillsborough Bay and upper Old Tampa Bay. Va lues ge nerall y 
decreased toward the mouth of the bay to averages of l e ss than 3 units i n th e vicini-
ty of Egmont Key. 
Much of the color in the waters of the bay can be attributed to the numerous rive rs 
and creeks which discharge into the bay rather than to pollution. Thes e tribu-
taries ori g inate in swamps which are heavily laden ~"ith tannins which impart the 
characteristic dark br own or black color to the water. Consequently, the color of 
the wa t e r will vary s e asonally . During the dry season, when there is liitle f low 
in the tr i butaries, th e re is little color in the ~"ater. lIm"ever, during the rainy 
season the h e adwat e r S\valllps swe ll with water and overflow into th e tributaries, 
carryjng co lor l?' d ~va t (' r i nt o th e hay. 
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I)ll ri n g 1976 co l or va llles i.n th e tributa rie s ran g ed from an av e. r a i!'C of 132 .7 uni t s 
In t he up pe r Lit tle 1'1anatee Ri ve r to 14.1 i n t h e Ta mpa Bypa s s Ca na l and 16 . 6 i n 
Channe l A. I t i s inte r e sting to no t e that t he tributaries wi th the l e a st color, 
Tampa By pa ss Cana l a nd Channe l A, ar e thos e that are man-made and d o not tlave th e i r 
orig i n in h e adwate r s wamps. 
Color Trends 
Th e c o lor patterns within the Tampa Bay Basin during 1976 were ne arly identical with 
those o f 19 75. When yearly color variations exist, the y are du e primarily to vari-
ations in rainfall. 
Turbidity 
Turbid ity in wat e r is an expression of the optical property of a sample which cause s 
light to b e scatte red and absorbed rather than transmitted in straight lines thr ough 
th e sample. Turbidity in water may be caused by the pre sence of suspended matter 
such as cla y , silt, finely divided organic and inorganic matt e r, plankton or oth er 
microscopic organisms. ExcessiveturbidEy in a body of water can decr ease the light 
intens ity t h roug h the water column resulting in a decreas e d compensation point o f 
photos ynthesis with a concomitant reduction in attached ve getation. The injurious 
effect of turbidity can also be manifested in the deposition of s e dime nt on the 
surface o f benthic flora and fauna. 
Turbidit y Regulations 
The Rules and Re gulations of the Hillsbor ou gh County Environmental Prot ec tion Com-
mission state that the turbidity of waters shall not exceed 50 Ne ph e lome tri c Tur-
bidity Units (NTU) above background values. 
Turbidity Measurements 
Du rin g 19 76 turbidity a veraged from a high of 6.6 ~~U near the Lar go Inlet in Old 
Tampa Ba y t o 2 . 5 NTU i n mid Tampa Bay . Th e re we re no areas of t he bay wh ich 
ave raged 7 or mor e NT U. Much of Hillsborou gh Bay averaged b e t wee n 5 and 7 NTU as 
did are as o f Old Ta mpa Ba y . Most of the r e mainder of the b ay r a n ge d fr om 3 to 5 
NTU e xc e pt for th e are a of mid Tampa Ba y wh i ch averaged le s s t h an 3 NTU . 
With in t h e tributarie s the highest t u rbidity value s were found a t t he Nort h Prong 
of the Alafia Rive r in Polk County (22. 6 NTU) and in Turkey Cre e k ( 11. 8 NTU). The 
a verage in the North Prong can be attribute d to sampling conditi o ns. Th e North 
Prong has been channelized in this area and is choked with water hyacinths . Wh e n 
a water sampling d ev ice is lowered throug h the lay er of hyacinths, the bottom is 
disturbed r e sulting in a resuspension of s e diment from the b o ttom. This results 
in artificially hig h turbidity values. The hi gh turbidity a verage in Turkey Creek 
is probably due to suspend e d solids discharge from Lykes Brothers Meat Packing 
Plant in Plant City . The industrial discharge from Lykes Br othe rs forms the head-
waters f or Turkey Creek . In 1977 the effluent from Lykes Brothe rs will be dispos e d 
o f b y spray irrigation rather than by surface discharge to Turkey Creek. Ed gar 
Plasti c Kao lin, a sand mining ope rati on in Plant City which in the past was a sourc e 
o f turb idity discha rge to Turkey Creek , is no longer in operation. Station 105, 
Hillsborou gh River below the dam, in past years has had very high turbidity re-
sulting from alum slud ge dischar ge from the City of Tampa Water Treatment Plant. 
I n 1976 as a result o f pollution control measures, the station i mprove d considerably 
avera g ing onl y 3. 9 ~~U with a maximum of 9 NTU . Further polluti on control measures 
due t o b e c ompl e t e d i n 1977 should furt he r improve the turbidity values at that 
sta t ion. 
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Turbidity Trends 
Within the Tampa Bay Basin, 1972 through 1974, turbidity remained fairly constant 
with Hillsborough Bay consistently showing high turbidity. In 1975 the bay showed 
improvement with much of Hillsborough Bay averaging between 3 to 5 turbidity units 
while much of Tampa Bay averaged less than 3 turbidity units. The only area with 
an average 7 or more was near Apollo Beach where shell dredging activities were 
occurring. During 1976 there were no areas of the bay which averaged 7 or more tur-
bidity units. The pattern for the remainder of the bay was very similar to that of 
1975. 
Within the tributaries, Turkey Creek showed high turbidity values from 1973 through 
1976. The Hillsborough River below the dam had extremely high turbidity averages 
in 1973 and 1974 (782 NTU and 345 NTU respectively), showing marked improvement in 
1975 (6.9 NTU) and continuing to improve in 1976 (3.9 NTU). 
Effective Light Penetration 
If a sample station is relatively shallow so that the Secchi disc can be observed 
on the bottom, an accurate determination of light penetration cannot be made. Con-
sequently, shallow stations were excluded from the SYMAPs depicting effective light 
penetration. 
In 1976, among stations deep enough to accurately determine effective light pene-
tration, average values ranged from 26.3 inches in McKay Bay to 147.3 inches in the 
middle of Tampa Bay. All of Hillsborough Bay averaged less than 50 inches of light 
penetration as did most of Old Tampa Bay o The remainder of Old Tampa Bay averaged 
between 50 and 70 inches 0 Light penetration generally improved toward the south 
with some areas averaging between 90 and 110 inches, while others averaged greater 
than 110 inches. 
Since light penetration through the water column can be affected by substances 
dissolved in the water (color) and by substances suspended in the water (turbidity), 
it would be expected that light penetration within the Tampa Bay Basin would be 
affected not only by point sources of pollution but also by non-point source storm 
run-off which would carry dissolved and suspended materials from the surrounding 
land areas into the waters of the bay. Consequently, areas affected by point source 
pollution would be expected to display poor light penetration during the whole year, 
while light penetration in areas affected only by non-point source storm run-off 
would be expected to fluctuate according to rainfall. 
SYMAPs were prepared which depict light penetration within the bay for each quarter 
of 1976. A large area of Hillsborough Bay and upper Old Tampa Bay north of the 
Courtney Campbell Causeway showed consistently poor light penetration during all four 
quarters, indicating point pollution sources affecting these areas. The remaining 
areas of the bay fluctuated seasonally with respect to light penetration indicating 
the effect of non-point source run-off o 
In addition to point and non-point pollution, the most significant factor affecting 
light penetration within the shallower areas of the bay was resuspension of bottom 
sediment due to wind-driven waves. 
Within the tributaries, effective light penetration is not an accurate parameter 
for comparison between tributary stations in Hillsborough County. Many of the 
tributary stations are so shallow that the Secchi disc is consistently visible on 
the bottom, making it impossible to measure light penetration at those stations. 
Also, many of the tributary stations are sampled from bridges rather than from a 
boat, resulting in inaccuracies due to varying heights of the bridges from which 
the Secchi disc is lowered. However, the use of a Secchi disc at the tributary 
stations can provide comparative information from year to year at each station 
rather than between stations. 
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The Hillsborough River at 301 Bridge and the Hillsborough River at Fowler Avenue 
again showed the best light penetration with values of 76 inches and 73 inches 
respectively (compared to 82 and 73 in 1975). The Hillsborough River below the 
dam improved slightly from 30 inches in 1975 to 34.5 inches in 1976, primarily due 
to reduced discharge of alum sludge by the City of Tampa Water Treatment plant. 
Light Penetration Trends 
The trend with respect to light penetration indicated a worsening of light climate 
conditions in 1973 as compared to 1972; while conditions improved in 1974 and then 
worsened slightly during 1975. In 1976, as in previous years, the light climate of 
Hillsborough Bay remained poor. Light penetration within Old Tampa Bay was poor 
during 1976 with most of Old Tampa Bay averaging less than 50 inches , The remainder 
of the bay was fairly normal as compared to previous years The general trend 
throughout the bay remained the same overall, with Hillsborough Bay displaying the 
worst light penetration and Old Tampa Bay intermediate, while varying seasonally. 
The light penetration values improved toward the south nearing the mouth of the bay. 
Conclusions 
In summary, a comparison of color, turbidity and light penetration in the Tampa Bay 
Basin from 1972 through 1976 demonstrated a general north to south trend toward 
decreasing color, decreasing turbidity and increasing light penetration. The com-
bined effect of these parameters indicated a general north to south trend toward an 
increased water clarity and more favorable light climate. 
Hillsborough Bay generally provided the least favorable light climate within the 
Tampa Bay Basin. Hillsborough Bay receives poorly treated domestic and industrial 
wastes from the residential and industrial areas of Tampa. Urban run-off is piped 
directly into Hillsborough Bay whil~ discharges from the Hillsborough and Alafia 
Rivers add color to the water. Because of extensive dredging activities in Hills-
borough Bay in conjunction with the Tampa Harbor, prevailing easterly winds con-
tinually stir-up and resuspend silt from the relatively shallow bay bottom resulting 
in high turbidities. The past alterations to the shoreline of Hillsborough Bay have 
removed the filtration ability inherent in a natural vegetated shoreline. Because 
of excessive nutrient pollution, algae blooms frequently occur in Hillsborough Bay, 
resulting in increased turbidities. In addition, the above conditions are aggravated 
by poor flushing characteristics in Hillsborough Bay due to its distance from the 
mouth of the Basin and due to hindrance of flushing caused by numerous spoil islands 
lining the ship channels. 
Certain areas of Old Tampa Bay in the vicinity of the Courtney Campbell Causeway 
also provide a relatively poor light climate , These waters receive domestic waste 
discharges from Hillsborough and Pinellas County and are seasonally affected by 
storm run-off from surrounding areas. The situation is again aggravated by poor 
flushing due to the distance from the mouth of the Basin and due to hindrance of 
flushing resulting from Courtney Campbell Causeway, 
Tampa Bay generally provides relatively good light climate. Although Tampa Bay 
receives domestic waste discharge and urban run-off in some areas, significant 
industrial waste discharge is absent, flushing action is rather good, and large 
areas of natural shoreline vegetation provide filtration of pollutants. 
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Chapt e r 7 
FLUORIDE 
Background 
Initial concern with Fluorides developed in relation to fluorosis, a medical 
condition caused by the drinking of wat e r with an elevated fluoride level and 
resulting in a mottled tooth enamel condition. The first U. S. Public Health 
Service reference to the problem dates back to 1901, although erosion of tooth 
enamel by fluoride was reported as early as 1878. Today a fluoride concentration 
of approximately 1 mg/l in drinking water is considered to be an ef fective pre -
ventative to tooth decay without creating harmful effects to hea lth. In surface 
waters not used for drinking, a concentration not exceeding 10 mg/l is considered 
safe by the Florida Department of Environmental Regulation. 
Central Florida has experienced a long history of fluoride problems primarily re-
lated to the phosphate industry . During the mining and processing of phosphat e 
ore, fluoride is released as a by-product. Fluoride emissions to the atmosphere 
have been greatly reduced over the past decade, accomplished primarily through 
the use of scrubbers which unfortunately may then discharge fluoride to surface 
waters. Most companies incorporate a lime treatment process to precipitate the 
fluorides from the water but some phosphate processing plants still dischar ge 
treated and untreated waste water containing relatively high fluoride concen-
trations. 
Measurements 
Wi thin the Tampa Bay Basin in 1976 fluoride concentrations averaged from a high of 
2.1 mg/l in eastern Hillsborough Bay to a low of 0.9 mg/l near Egmont Key. Most 
of Hillsborough Bay and Old Tampa Bay averaged from 1.5 to 2.0 mg/l fluoride. 
Middle Tampa Bay averaged from 1. 0 to 1.5 mg/l while the mouth of Tampa Bay near 
the Gulf of Mexico averaged less than 1.0 mg/l . The two stations with the highest 
maximum values (3 02 mg/l and 2.7 mg/l) were located offshore from LeGardinier, Inc. 
-U.S. Phosphori c Products, a phosphate chemical processing plant located on Hills-
b orough Bay and the Alafia River. 
Tributaries 
\vithin th e tributaries, fluoride conce ntra tions ranged fr om an average of 8 . 0 mg/l 
in the North Prong of the Alafia River in Polk County to a low of 0.3 mg/l in New 
Rive r at Morris Bridge Road near Pasco County . Consistently high fluoride value s 
occurred at all of the Alafia River stations. The North Prong above the con f lu e nce 
averaged 5 . 1 mg/l while the South Prong above the confluence averaged 2.3 mg/l. 
The Alafia River at Bell Shoals Road averaged 2. 8 mg/l. 
The high fluoride concentrations in the Alafia River result ed from discharges of 
phosphate mining operations and phospha t e chemical plants in Po l k County . Al l of 
the Alafia River stations excee ded the U. S. Dr inking Wa t er Standard of 1.7 mg /l F-
during 1976; however, no station within Hillsborough County exceeded the Florida 
Department of Environmental Regulation limit of 10.0 mg/l for r ecreational waters . 
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F]uor i de Trends 
During 1976 fluorid e values in th e Tampa Bay Bas in were reduced from previous 
years . However, the same general pattern of distribution, with higher concentra-
tions in eastern Hillsborough Bay, was apparent in 1976 as in previous years. 
Consistently high fluoride values occurred in the Alafia River in 1976 as in pre -
vious years. 
Fluoride concentrations in the Little Manatee River were relatively low during 1976 
(0.6 mg/l at S.R. 674). Phosphate mining is planned within the drainage basin of 
the Little Manatee River in the future. It will be interesting to follow the future 
trends of fluoride concentration in the Little Manatee River to see whether con-
centrations increase as mining activity commences. 
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Chapte r 8 
WATER QUAL ITY INDEX 
TRENDS 1972-1976 
Methods of determining "General" water quality at each sampling station were 
explored, and pertinent parameters were narrowed down to four as follows: 
10 Average Total Coliform 
2. Average Turbidity 
3. Average Chlorophyll ~ 
4. Average Total Organic Carbon 
These four parameters are different measures of water quality which affect "Body 
Contact and Recreation" use of bay waters. Measurement methods and units are 
different for each of these four parameters, such that they cannot be added 
directly to determine "General" water quality. 
Rankings 
Sampling averages for each parameter were ranked from lowest to highest (1-53), 
with the similar rankings assigned to tied average parameters. Lowest ranking 
numbers were considered "best" water quality while highest ranking numbers were 
considered "worst" water quality. 
Rankings for each parameter at each water sampling station were then added to ob-
tain a "sum of four rankings" at each station. These "sums of four rankings" were 
then ranked again from lowest to highest to obtain "rank sums" ranking for overall 
general water quality, reflecting the additive four parameters used as input. This 
"rank sum" ranking was called the '~-J ater Quality Index" , 
Mapped Water Quality Index 
During 1976 undesirable water quality ",as found throughout much of Hillsborough Bay 
and in upper Old Tampa Bay northeast of the Courtney Campbell Causeway. Poor water 
quality was found in the Largo Inlet area of Old Tampa Bay. Good and excellent 
water quality were measured throughout most of Tampa Bay. 
The general pattern was similar to that which existed in 1972 and 1975. 
Areas which exhibited poor and undesirable water quality could be attributed to 
discharges of inadequately treated domestic and industrial waste. 
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Meteorology 
Chapter 9 
WATER TEMPERATURE 
METEOROLOGY AND HYDROLOGY 
Daily maximum air temperatures and monthly average air temperatures affect water 
temperatures in shallow Tampa Bay. Many water parameters measured are directly or 
indirectly affected by changes in water temperature. Monthly and annual deviations 
of air temperature from normal are shown in the following Table. 
Total precipitation, maximum daily precipitation, number of days with measurable 
precipitation, and days with thunderstorms are tabulated, since each or all can 
affect water parameter dilution in the Bay and runoff ( clean or polluted) into the 
Bay. Again, deviations from normal are presented, except for maximum daily rainfall. 
Rainfall totals yearly 1972-1975 are of interest for interpretation of parameter 
trends: 1972 42.18"; 1973 49.71"; 1974, 33.90'" 1975 43.44"; and 1976 42.29". 
Average yearly rainfall is 49.38". 
Average windspeed gives some indication of water choppiness or wind development of 
water currents. Deviation from normal is presented. 
Wind persistency is 
numbers (closest to 
and shifting winds. 
chop or waves, with 
a measure of the steadiness of the wind direction. The highest 
1.00) imply steadiness while those closest to 0.00 imply variable 
A long fetch accompanied by steady winds is required to generate 
resultant water mixing and dilution. 
Sunshine affects many water parameters measured. Related statistics shown in the 
following table are Percent of Possible Sunshine and average sky cover, both ex-
pressed as deviations from normal. 
AVERATE 
MONTH TEMPERATURE 
Max. Monthly 
na;' v Avf!. 
JAN. -1. 5 -3.8 
FEB. 3.0 1.3 
MARCH 4.9 4.5 
APRIL -.5 -1.4 
MAY -3.0 -1.1 
JUNE -2.8 -2.0 
JULY -.7 - , 2 
AUG. 
-.9 -.6 
SEPT . -1.9 -1.5 
ocr. -3.4 -3.7 
NOV. -4.0 -4.0 
DEC. -2.0 -2.0 
YEARLY -1.0 -1.2 
METEOROLOGICAL VARIABLES 
AFFECTING WATER QUALITY 
(DEVIATIONS FROM NORMAL) 
1976 
PRECIPITATION 
Max. ''( ~ Days wi Days wi 
Total 24 hrs. ;> .01" Thunder 
-1. 93 0.30 -2 -1 
-2.37 0.48 -5 -1 
-2.25 1.19 -2 2 
-.. 
-.27 0.73 1 -2 
5.72 4.10 6 2 
.73 3.26 3 2 
-3.85 1.45 -5 -2 
-.98 2.66 -2 0 
-.31 1.32 3 4 
-1,24 1.03 0 1 
- .20, 1.22 4 0 
- .14; 0.56 10 0 
-7.09/ 4.10 8 4 
53 
W ND SUNSHINE 
Avg. Persis- % Pos- Avg. Sky 
Speed tencv"~ sible ~over (l1l0' 
-.7 .37 6 -. 8 
-1. 2 .08 4 _1.0 
-1.7 .25 I 12 -.7 
-1.5 .20 10 -.2 
-. 4 .26 17 1.7 
-1.1 , 38 23 1.0 
- , 9 .25 12 , 0 
-.8 .32 2 - .1 
-2.9 .14 0 .7 
-.2 .46 -10 .8 
-1.3 .54 -31 3.0 
-1.0 .37 -26 1.6 
-1.1 .18 -7 .5 
1976 weather could be qualified from the previous table as having been slightly 
colder than normal, as receiving much less rain than normal (except for May), as 
being slightly less windy, and as having below normal sunshine due to increased 
cloudiness. Individual months can be compared to normals as well. 
Flushing of Tampa Bay 
River inflow, sewage plant and rain water runoff all contribute some localized 
flushing to Tampa Bay. 
Tidal exchange is the major flushing agent. A mathematical hydraulic and dynamic 
water quality model was developed at University of South Florida, S. M. F. Engi-
neering Department, under the guidance of Dr. Bernard E. Ross. The following 
discussion is extracted primarily from the results of this USF study. 
Tampa Bay tides are predominantly semi-diurnal (two high tides and two low tides 
daily). The high tide at the entrance to Tampa Bay and the high tide in the ex-
tremity of Old Tampa Bay differ in time by about three and one-half hours. Confused 
flows resulted when ebb waters meet flood waters, causing varied net flow direction 
patterns. 
Net or resultant flows at grid points throughout Tampa Bay were calculated and 
location of gyres determined. Net rotary fluid motions, known as "gyres" are 
apparent throughout the Bay. Bottom depth configurations can cause gyres, while 
gyres can also affect bottom deposition of materials. 
A close comparison between location of these major gyres and locations of certain 
water sampling parameter maxima or mLnLma may show significant correlations. Par-
ticles in suspension (or in solution) tend to concentrate in the vicinity of these 
gyres. 
A detailed study of single particles released in Northern Old Tampa Bay showed that 
their final flushing into the Gulf of Mexico required up to twenty months. This 
flushing time was extremely variabkdependent upon initial particle location. Flush-
ing from southern Old Tampa Bay could be accomplished in about five months. 
To effect a 90 percent reduction in concentrations of a substance in Tampa Bay 
required about six months, with the gyre regions accumulating highest concentrations. 
Calculations made at U. S. F. S.M.F. Engineering Department estimated that only about 
one quarter of the tidal quantity of water is permanently removed from Tampa Bay by 
mixing with Gulf of Mexico waters. 
Summer Water Temperatures 
Average water temperature at the surface and bottom during the summer. of 1976 was 
mapped by SYMAP to attempt to show hot spots and average water temperature gradients 
with depth. The summer of 1976 was cooler than normal while 1975 summer was warmer 
than normal. Consequently, few horizontal or vertical temperature gradients show up 
on the SYMAP for Surface Summer and Bottom Summer maps. 
Winter Water Temperatures 
Average water temperature during the winter of 1976 showed marked temperature 
gradients within the Bay. Again,both surface and bottom water temperatures are 
graphed to permit assessment of average winter temperature gradients with depth. 
Winter temperatures were warmer than normal both 1975 and 1976, resulting in few 
marked water temperature gradients on maps. 
Salllp lin) ', l. ocations 
Wa ter sampling locatio lls were fair l y well distribut ed throughout Tampa Bay. Of the 
fi fteen gyres def ined by U. S. f" S .M.F. maps, only five are bei ng adequate ly sampled 
to determine possible parameter gradien ts within and outside such gyres. More ex -
tensive sampling within and in the vicinity of the se gyres could bes t es timate the 
potential of these gyres to concentrate water pollution. 
A base map showing locations of salt water sampling stations by number is appended 
at the end of this report. 
Fresh water sampling locations within Hillsborough County are also indicated on 
another base map just preceding the above salt-water station key map. 
Statistical Summaries 
A summary of sampling data for all parameters at each sampling station is included 
as an appendix. Included are the number of samples, the two lowest and two highest 
concentrations, arithmetic mean, geometric mean (more useful where extreme values 
occur), and the standard deviation. 
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BOTTOM 
WPHER 
i 191-6 
• 1 22 OR - MURE 
- 2 20 TO 22 
+ 3 18 TO 20 
04 16 TO 18 
~ 5 LESS THAN 16 
·ARITHMETIC MEAN 
HILLSBOROUGH COUNTY ENVIRONMENTAL 
PROTECTION COMMISSION 
W!\TER QUALITY MONITORING STATIONS - FRESHWATER 
Station No. 
DB5-101 
CA3-102 
RC6-103 
SW1-104 
HR4-105 
H5-106 
H4-108 
PC1-107 
P3-109 
P7A-ll0 
A6-111 
LM4-113 
LMl-112 
A3-114 
A8-115 
A19-116 
LT16-118 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
Location 
Double Branch Creek at Hillsborough Avenue 
Channel "A" at Hillsborough Avenue 
Rocky Creek at Hillsborough Avenue 
Sweetwater Creek at Memorial Highway 
Hillsborough River at SR 585 
Hillsborough River at Fowler Avenue 
Hillsborough River at U. S. 301 
Pemberton Creek at Thonotosassa-Plant City Road 
Tampa Bypass Canal at U. S . 41 
Tampa Bypass Canal at SR 60 
Turkey Creek at SR 60 
Little Manatee River at U. S. 301 
Little Manatee River at U. S . 41 
A1afia River at Bell Shoals Road 
North Prong of A1afia River above confluence 
South Prong of A1afia River above confluence 
Lake Thonotosassa at mouth of Flint Creek 
Cypress Creek at SR 581 
Trout Creek at SR 581 
Hillsborough River at Morris Bridge Road 
New River at Morris Bridge Road 
Two Hole Branch at U. S. 301 
Holloman's Branch at McIntosh Road 
Blackwater Creek at Two Rivers Ranch 
Itchepackesassa Creek at Arizona-Florida Cattle Ranch 
North Prong A1afia River at SR 676 (Polk County) 
Little Manatee River at SR 674 
Fishhawk Creek at TECO Powerline Right-of-Way 
Bell Creek at Boyette Road 
Bullfrog Creek at Symmes Road 
Delaney Creek at U. S. 41 
Delaney Creek at U. S. 301 
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----- 8.34(, d. I) '. ) 1.8024 11.).9) 1..,. 2P /') 7.241 ').81~ 118 8 . 6.:30J 8 • ~;J ,) 9.972 1).113 1.6915 1l.Y·I) 11.4),' H.699 1 1 • ~2 7 120 3 2.3JJ 3.392 '3.4 33 .6 5'1 7 4. 1 l' 3.4 )J ~ • 8 ~ . 6 ~. )') l 121 H 2.2 J j 3.200 4.1U2 ~. ~ '38 1.5454 7.30 :) 5.b'!' ~.(,46 5.63 t l 122 6 - .. ----4.6J.) . 5.60J · 6. 2H R G. 417 1.4135 8.3v ·' 7.).) 0 4.933 7.c))1 123 8 .1JJ 4.6J·) 4.utio h • 45:) 3 • bR 74 12. n ) -;. '1 ) \.1 3.167 9.'>33 124 7 1.801) 2.500 3. 8~ 3 ;.414 2.5674 9.4.),', 5. )('0 ~.J39 ('. 7b Y 125 · 7 5.900 6.:'1)1) 7.1+5 ) 7 . '1 '17 1.4·)82 IJ.IJ) R. ? (: .I 6.255 J.859 126 - 8 - ---1 -.~.J) 5. 2:)·) 4.H'J;' 5. ? 3d 1.63S6 6. :.j .j ) v.6 )() 3.8&7 t.. b l ) 9 127 8 4.200 4.80<) 6.81); 7.(1') 2.1)47d 9.1:1 ;-) ) (, • I)CJ (I 5.363 d. hU 12l:i 8 .~J) 1 .21),) 1. 961 2. 2 7':) 1. 2657 4.9 }) 2. ();)() 1.21 7 3.:n ? 
·12<; 7 5.7').) 5. gO;) 6.66 () 0.157 1.29 i.)9 4.51) ) 6.9;' () 5.563 7.q51 130 8 ---6-. -~Ou - 7.2,)0 . 7.62,') l.l?? .8362 9 • 6.).') 7 • '} :) () 7.;)2;' e. 42 4 131 8 5.10) f, .70) 7.22 j 7.313 1.1825 9. 30J ) 7 • 7 ~. J 6.324 8.3)2 132- 8 6.000 7.400 7.6) 1 7.763 1.1525 10.10) U .~n (' 11.799 B. 721 133~ 8 2.30,) 2. '50J 4.749 5.250 2.3462 8.9 . l ') 7. 2'" ') 3.287 7.213 
- 134 .. -- - 8 • -7 v J - -- .. 2 • ;) O\,) 2.2f.7 2 . 538 1. 0& 36 4. 4J ) 3,. ?; () L.649 -. 3.427 
- r)IS~lLV=D CXyr,1=1\j - ~rODLr. ( 'H LL IGr:t, MS/L ITI=!') 
~LE:(TkOD~ 
1 t; 70 
~ 5 f, C O'JF t D,=r 'c ~ !"HfF'VhL STA *CF MIN MIN GEl A~ ITH 5TA"!f) ~1 .~ )( ~.\ X A;:''' IINO THF t, J;! TH MU.N 
- NO- - oas .. -- 1 -- 2 MfAtl !-1!: A ~J !)EV 1 2 LO r;!: P. UP ~':? 101 12 2.~OO 3.201) 4.732 5. f')25 1.7439 1. d\.) ) 7. Q(10 3.B85 b.1!>') 
102 12 3.9JJ 4.2·J ·) 6.247 o.4~7 1.4777 8.8J) b. ) .) I') 5.47d 7.3:'0 
103 12 1.600 2.500 4.266 4.65q 1.9769 9.(1) ' ) 6.8' 0 3.394 ~.9J6 
-- 104 --- · 12---1~u 1. 5.),) -. - --- .3.216.-- .. --. 3. C; 33 2.8151 9. 3 'J) 9.4JO 2.194 5.172 105 12 3.3 JO 4.5Ja 6.B21 7.361 :.1793 14. 9,} ) 1 1. 51'"1 U 5.347 4. ~H 7 
106 12 .. 1.500 2.4tJO 4.43 i) 4. 8'33 1.983J 7.501 7.2"() 3.623 b. 141 107 12 2.~-Jl · · 4.4'JJ 5.532 'j. 7"J. "3 1.5739 8.9)) 8. hl·1 4.73?- b. B .'~ 
· 108 --- ·12 · 4.·W...l-- .- 4. 1 JJ .--. _.- 5.953 . 6.392 2.1405 12.40 J I,}. 9~: 0 4.651 . ~. UJ 109 12 2.20J 6.000 8.135 9. t 33 4.1430 15.7111 15. n(l 6.501 11.765 110 12 .();jJ .712 2.858 2.9761 S.2JJ 7.5JO .967 't.74'1 111 12 2.001) 3.400 4.627 4.Sg2 1 • 6~)32 7.70 ) 7 • '1(,0 3.813 5.911 
- 112 - -·-- 12 4...4-JJ-- 4. 500 ---.- - - 6.015 - 6. 1 A3 1.5550 - 9.5JJ 7. 6~\ a 5.195 7.111 
11 3 12 6.) J) {).500 B.26? A.45cl 1.9077 11.3)) 1 ). S', :) 7.246 -1.67) 1 4 12 5.0u0 6.400 1.637 7.80d 1.6930 10.7)) 9.6') 0 6.732 R.8d~ 115 11 . ' 4.700 5.100 7.t-33 7.8q1 2. -)651 11.3») '1. 1·!" 6.5)4 9.?7d 
-11t. -·-12 ~ ... 1~J-- - 5. ~fJJ .- - - .. 7. SU8 t3 • 1.. ) ~) 1.9150 
-
1 r).9J) 1 iJ. 2QO 6.883 . '1. 31 7 118 12 6.501.) 6.800 9.156 9.358 1.9682 11 .90 J 11.4:) a 8.1,)7 1 J. 6,)9 
120 6 1.:JOJ 2.000 3.084 3.238 1.0294 4.9)) 4. '_')0 2.377 4. )99 121 8 2.2 OJ 3.200 4.1()2 4.338 1.5454 1.30 ) 'j. ~(I 0 3.046 ~ .• 6 ~ f) 12·2--- -- - ti 3..8.00-- 4. 000--- .. _ -5.580 'i.7BB 1.6694 8 .3d) 7.11"0 4.392 .. __ 7.1ti!t 123 8 
.1)5 4.600 4.03& 6.4:'» 3.6874 12.7JI q. 4~: 0 3.367 '1.)33 124 7 1.80 2. 5(}t) 3.U53 t •• 414 2.5674 '1.411 ) 5.3(\0 2.039 6.18'1 125 7 5.90J 6.200 7.4':)) , • 5,7 1. 4182 1).1)) 8. bJ I) 6.255 ti.859 126 -- --- 8 · 1_,JO - · - 5. 2JJ -.-.- .4.B:"2 ') • 23d 1.63S6 6.'i).,J o.6~0 3.361 b. 6~' \) 127 8 4.200 4.800 6.81)~ 7. G75 2.04 7 B ~.:))) 9.600 5.363 H.7b7 128- g .6:1) 1.2')0 1.9& 1 2.275 1.2657 4.'i)) 2.6,) 0 1.21 7 ?33? 129~ d .JJ) 5.7JJ 2.957 5.913 2.6112 C).5l'-' 0.9n n 3.67,} H. 147 130 _. ----8 -- - --4. '10 () . -- -. 1.200 7.609 7. 725 • 8362 9. t. J t) 7. ~00 1. -n6 . b.424 131 a 5.1')J 6.70:) 7. ~2 3 1.~13 1.1~25 9."J.)) 7.7-;0 0.324 d.3):? 132 8 6.000 7.400 7.091 7.763 1.1525 It).lf,) a.300 6.199 g. 1?. 7 133 8 2.300 2.500 4.74Y 'j. 25 ,') 2.3482 ti.'il) 1.2flO ?. 21:i 7 -7 • ~: ? 134 - - -8 -_1 0~---- 2. OOJ ' .-.-.. - . 2.287 . 2.51B 1.063& 4. 4J ) 3.200 1.64Y 3.42 I 
S TA NO F MIN ~1l N NO o B S .-- -.1-- - · 2 .-.--
101 10 2.800 3.200 
103 <] 1. tJQ.1 2.500 
104 12 1.400 1 • 501) 
·105 -· --· 5 --~JJ---- 6.6ihJ . - -
106 1 • J JCJ 
1 (J 7 12 2.9\l0 4.40) 
111 12 2. ) 0') 3.4JJ 
GECl 
. MEAN 
4.742 
4.Jbt> 
3.216 
7.3J :) -· 
3.8,)~ 
5.53 
4.627 
LJISS JlVED rXyr,~N - R UTTO~ 
(:-.1IlLIGr.,~~S/l ITeR) 
f L 1= C Thill 0 E 
1" 7 t> 
A~ 1 TH srAND MAX 
~.1 t: t. ~~ Df:V 1 
':). ')6) 1.8916 7.8 J ) 
4.544 2.27t>·J 9. JJ ) 
3.983 2.8151 9.3 ) ) 
1 .. 36J 1. :)31 J 8.5.1 .' 
:3.81) 3.80:) 
5 . 733 1.5739 8.'-1')0 
-+. 892 1.6;')32 7. 7) , 112 ---- 3--··--4.-4-VJ- - -.-. 
113 1 
. ··-· - 6.306 "'-'-' -· 6.633 2.6083 9.5,) ) 
.000 6.0JJ 6.0 )J 6. )J ) 114 1 .uoo 7.0;):) 1.'))) 7 . I: ) 115 9 4.700 6.200 8.114 8.356 1.9983 11.J/i ,) 116 . ·- -10 --- -- 5...7tiJ------b .1 00 ----8.346 H.5?» 1.8024- -.- 1 J. 9J 1 lla ti 6.8u) U. 50\.) 9.472 lLl!3 J.69!5 ' 11.'J11 120 3 2.800 3. 3Y? 3.413 .6507 4 • 1 ) ) 121 b .. 2.-2JJ . 3.2')J ····-· 4.Ll ? 4. : ~J 1.5454 7.3 ) ) 122 () -·----4.·6.00 - · --- 5.600 ··_· ·- - 1:,. ;'1. 8 ~.417 1.4135 B • 3~)!) 123 d .10,) 4.60u 4.0bo 6.4')J 3.6874 12.7,)) 124 7 1.8J') 2. 50 <) 3 .R5 3 -1-. !t 14 2.5674 c.; • /~ ) ) 125 1 5.900 '6. 200 7.450 7.5':>7 1.4082 1 (). 1 () ) 
- 126 ---8--1..-500 ---5. 200 ···----4.g52 5.23ti 1.0396 · 6. 9).1 127 8 4.20') 4.80) 6. 8 )'~ 7. )75 2.041R Y. ti 'J 1 128 8 .600 1. 2UO 1. 9~ 1 2.275 1 .2657 4.~.) ) 129 7 .. ---. 5.700 . 5.90') 6.(,6f) 6.757 1.29 )9 9.5.)) · t:~o ----- 8------6~OJ-·· 7 .2GJ - ----- 7 .bB'} 7.725 .8362 ·. '-i .b .ll) 131_ 8 5.100 6.700 7.223 7. ) 13 1.1825 9.3)1 132..., H 6.JrJ) 7.40,,) 7.0'1: -f • 7 f> '3 1.1525 1).1 ·) 13300 8 2.30,) 2.500 4.741 ') • 2 ') 1) 2.3482 O.'7,) ,l 
- 134 8 ·----... 700- -- 2.000 .. 2. 2b 7 2.538 1. U636 4.4.),1 
MA X 
95 '~ Cm!~ID~ "'JC[ -~Tt:I-VAL 
A~'ll INIJ THF A PIT M[!\ N 
2 lO~:R UPPiR 
7. tj'10 3 .7)7 6.413 
6.oJ1 7 .794 6.294 
8.4no 2. 194' 5. 77 '2 
8 . V)!) 6.'18'1 8.64J 
d.lOO 4.733 6.733 
7. )-)0 3.813 ').~11 
6. ,100 .151 13.113 
'j. 7( n 6.820 9. d ,i2 
1 .l • . :'10 7.241 - 9.B19 
1 1 • 't ,,, 0 8.699 11. 52 I 
:;. !tn o 1.816 5.05,) 
':). ? ,I) 3. )46 ~.6!J 
7 • ,)( () 4.933 7.901 
9. ~(j 0 3.367 9.533 
~. 3._1 0 ::'. ')3-) b.709 
8.2('10 6.255 b.ti5 9 
&. 6 ~ )() :3.867- 6.6J'i 
Y. f>(.: 0 5.363 t.7il7 
2. S::; 0 1.217 ?33j 
6 • '-l;",;J 5.5t'l~ 7.951 
7. ·J( 0 7.026 b.42 ':' 
7. 7( : 0 6.324 tie 3',)~ 
d.3)1) 6.799 0.721 
7. 2~ ' 0 3.287 7.211 
~._211 1.649 ? 42 7 
Prl - LAP. 
( C; T A '" C/, R D U r..j ITS) 
Fn6 
STA "fGF MI~ ~l \I 1\ t'l., b t ~ 0 F P H V A L II .: S v'.X '-1/.,( 
Nl! O~S 1 2 <= 6 >= F). 'i 1 2 
-101 - -- 11 6.9 7.2 7.e:, 7.~ 
102 11 7.5 7.7 8.2 p. • 1 
103 11 7.1 7.3 8.2 7.9 
104 11 6.7 7.,! B.0 ti.!l 
105 - -- -11 1.3 7.5 1 6.6 3.2 
1 ·)6 11 7. (1 7. ) 8.1 J • . ) 
107 11 6.8 7. t) 8. ,) 7.9 
108 11 6.8 7.3 8.1 7.9 
--- - 10<1 --- I·) . 7.,) 7.4- 3 8.0 b.7 
110 10 7.6 7.7 2 ~.8 ~.7 
III 9 7.2 7. :.- 7.8 7.B 
112 10 7.2 7.4 8.1 ~ .) 
---- 113 - ---10--- ----- 6.7 6.7 1.fJ 7.Y 
. 114 10 7.1 7.?. 7. <.J 7.CJ 
115 10 6.9 7.1 1.13 7.7 
-- 116 10 7.1 7. 1 0.1 7.9 
---118-- - 10 1.9 7.-} 6 9.4 9.4 
120 6 6.7 7.1 7.6 7.5 
121 6 1.0 7.2 7.8 7.8 
122 1 1.J 7.) f;. ! 7.9 
1-2-3--- -1 -- ---- -6.2 6.5 13.1 1.9 
124 _ 6 6.3 6.1 7.6 7.1 
125 6 6.4- 6.5 7.5 7.3 
.-- - - '- - 126 -- 7 6.7 7. 1 7.9 7.7 
-1-21---- ---7 6.7 - T.3 1 6.5 7.r. 
12b 7 6.0 6.~ 1 7.2 6.H W 129 7 6 . 1 6.7 8.2 7.J 
0 130 5 7.2 7. ? 7.6 7.5 
1-31-- 1 - 6.9 .---. 1. I} 7.5 7.3 132 7 7.3 7. 3 H.1 7 • CJ 
133 7 7.2 7.4 o. ) 7.Y 1-34-- --·- 7 7.0 7.3 1.6 1.6 
STt. flOF MIN MIN GEJ 
NO OBS 1 2 MEA'J 
101 12 --· ... 4ZO .460 .540 
102 12 .500 .550 .727 
103 12 .370 . .380 .565 
104 12.860 .990 1.303 
10~l-2 .100 .21-) .--.- .334 
1 0 6 1 2 __ ._. __ .. _ ..... 2 2 J ... • 3 3 0 • 51't 
101 12 .430 .430 .63~ 
1 J 8 1 2 · --- -- • 5 1 J • 520 1. 1 J 6 
-·- 109 - 1Z .1-J.0- ·-- .190 ·· ---- . 944-
110 12 .690 .700 .944 
III 12 4.290 6.650 12.027 
112 12 .420 .460 .513 
-·-113 -- 12 .2-9-,) -.320 ------. 391 -.-
114 122.65J 2.8JJ 3.628 
11 5 12 4~20u 4.290 5.792 
116 12 . 1.38J 2.61~ 2.959 
. -118 12 - .- .l9~--. • 410 · _·. · .558 
120 8 .03J .040 .0l-9 
121 a .03) .1)30 .J94 
122 if .460 .410 .5'10 
-- - 123 -- , · - 8 .1-7-{) ·- .200 -· ·-----.2~1 .-
1 2 4 7 __ ..• 1 7 0 • 2 51) • 3 2 4 
· 125 1 .130 .160 .343 
126 8-- .139-.) -- -- · . 94') 1.299 
- 121 -- - S- 1.09,) l-.-20J ·· .···--. 1-•. 817. 
128 8 1.~OO 2.000 4.392 
129 8 .36() .44J .5-'9 l~O 8 .320 .420 .51~ 
-111.;;A- - 8 .l~v .. -250 ·- --·.342 . . 
132 Co» 8 .. ___ . ___ • 1 5 J . . • 1 70 . • 247 
133- 8 .540 .550 .1~R 1 34 8 ....... _ --• B 1 {) - - 1. ')2 0 -- - 1 • 76 3 
T :JT~L PHGSPHATF: 
( MG IL ~ S r) 
lc,70 
~~ITH ST~ND 
-1 E t,. '\! Of- V 
.541 .0870 
.74) .143!) 
.588 .1690 
1.343 .3382 
.438 .4267 
.554 .212'1 
.67H .2501 
1.249 .64qa 
.960 .1936 
.968 .2231 
14.'))3 8.2448 
.516 .057<.) 
.4 16 .1353 
:, .734 .9678 
5.<;73 1.5883 
3.'173 .8367 
• 50'} .11H3 
.081 .USiJ3 
.121 .0822 
.604 .1399 
• 2 6 1 • 0 8 ') '.l 
.34<,) • 14 3 ~ 
.431 .26t12 
1. 3 It.> • 3 5 1 6 
1.8ti6 .• 5l176 
5.271 3.0tl95 
.6 ')1 .J678 
.528 .1079 
- .356 ·_·- ·· .11) 12 
.263 .)C, <";6 
• 8 3 8 • 3 3 'i- 8 
2. 175 1 • 5 C; d 2 
MAX 
1 
.&70 
.97 ) 
• Bo I 1.:31 ) 
1.7,)) 
• ') )d 
1.2lL) 
2. f t) ) 
1. '+0 ,J 
1.3 J ) 
30.0)) 
.63 ·) 
.8.1 ) 
5.6(1 11 
9.l)4 i) 
4. '19 ') 
.18,1 
• 1 1" 
.25) 
.620 
.'43 ) 
.'>7) 
• 74 ,) 
1 • 9 .) 
2 • 55!) 
9.601 
• clJ:> 
.650 
.48.1 
.4oJ 
1.54r) 
4. 76 } 
~IA X 
., 
• .J60 
.-,)() 
.800 
1.7()O 
• .)5·1 
• 180 I.J10 
2.j'50 
1.JdO 
l.j)!) 
?8.22 ') 
• j9 () 
.j)O 
5. ,)h U 
7. 140 
,. 7':; 0 
.(50 
.141 
.iZI) 
• 7 ~ ,) 
• ~4.) 
• j 1 Q 
.04 () 
1. 7" () 
2.330 
d.'i40 
• 7& 0 
.010 
.... 70 
.3"0 
• -;90 
4.0'1 ') 
Q5'K CONF!DE~IC= !~T::~VAl 
AROUND T~f A~ITH Ml~~ 
LOwFR lJPprp 
.492 .6.)2 
.64~ .831 
.481 .6f),> 
1.12-3 1.5'>'3 
.167 .7Y) 
.419 .6e') 
.515 .ti4~ 
.83& 1.6~~ 
.837 l.JIB 
.826 1.111 
8.764 lQ.2~! 
.479 • 5S 3 
.32 -) .4112 
3.119 4.':\49 
4.964 L.9U2 
2.54~ ?6)5 
.494 .6~4 
• 1'J q • 12:1 
.J52 .hj 
.487 .7~1 
.19) .33~ 
.21h .4J? 
.16] .67~ 
1. )4h 1.634 
1.462 2.31() 
2.68~ 7.854 
.461 .741 
.438 .61d 
.l7t .441 
.18) .34~ 
.558 1.118 
.839 :.511 
STA 'OF MIN 
NO ass 1 
·- 101- 1 .0:,)0 
102 1 .OJJ 
Iv3 1 .000 
104 1 .lJJ 
···105- ·-- 1-- .aoo 
1Jo 1 .;) ou 
101 1 .)0) 
108 1 .000 .. -
- IJ9 1 ·-··-~o.) 
110 1 .J)v 
111 1 .000 
112 1 .JOIl 
113 1 ___ u ----.-O-~ 
114 1 .:>OJ 
115 12 4.J9J -
11(' 1 .000 - -
- 118 12 ·-__ 38J 
120 b .:> 1) 
121 8 .ll21l 
122 8 .410 
123 8 .1-10 
124 1 . 140 
125 1 .1 l) 
-120 H . • 810 
- -127.- - a .8-1,;) 
128 8 1.=10J 
129 8 .350 
130 8 .320 
- 131 -- - 8 .1-9.) 
132C:; 8 
. • ~20 133~ 6 • 2J 
134 8 .81J -· 
STA "OF MIN NO OBS 1 
DISSOLVED ~RTHOP~rSP~&T~ PHOSP~"QU~ 
(~G/l tS P) 
lQ7c 
MIN G~a AP I TH S T A"H' ~t\x 
2 MEA" "'':l'J DFV 1 
- & • • • • •• - .45-1 .45:) .4~J 
.520 .520 .52 1} 
.500 • 5 i) I] .5,n 
.913 .'} .98') .913) 
-- .. _- __ 080 --- ... 
.030 .08;) 
.1lO • 11,) .11 ) 
.52) .52) .521 
.411) .411) .41 ) 
---- .7,) ) - • 7 )") • 1 JJ .7~J 7 C -' • _ J • 1--; J 
l6.80n 16.t! ')() It; • d I '"' 
.~9' .49) .4° l 
.37 :1 • 17 ~) .~11 4.141} 4. 14.) 4.14 ) 
4.10J 5.54'.) 5.604 1.3326 7. 7} ~ 
1.3')1} 1.35J 1.35) 
-.39J .4d:. .494 .1126 • 1 t. J 
.:)3J .041 • ) 5~ .0415 • 1 t. ) 
.920 .059 • ll.n .U859 .2 'd 
.44:) .56? • 57ti .1411 • ;l J \ 
• lkO - · .234 .244 .~H25 • ~2 ) 
.2l0 .3,) 3 .3?3 .1505 • I)~) I 
.13:) .313 .4) 7 .2&53 • 72 } 
.930 1.257 1.2')8 .3539 l.q'J I) 
-1. 150---- 1.717 1. d :H .5298 2. -tb ) 
1.900 4.271 5.124 2.9858 «;. 'i51 
.430 .5:> .) • sal .1048 • 7~ ' ) 
.400 .494 • 514 .r;968 • h? ) 
.. -240 --- . • 318 .32':i .J8~9 .40J 
.150 .23fl .24e .1025 • .• :> j 
.530 .751 • 79 'j .3056 1.4: ) 
1. f)10 1.7!.(j 2. 116 1.~572 4. Iv ,} 
-- - - .- -- ----.- -- . . 
---- . - PLA"-IKTrN -- Gf'JNYll 'L tx ~rNIL.\TA - To r 
(COL:-JT/LTTfP' 
1':. 16 
"'I~ GEJ A~ I TH STAND M !\X 
2 p..t EA'J '1E AN !)EV 1 
101 12 --1-0000.- - 10;)00 10Cuu.O 1 JflOO.ll IJ0JJ 
102 12 10)00 10000 1:)f))). ) lUll.) 1 11' )') 
103 12 10JJJ 1 JO 00 1 )0)3.tJ 1 D,}O. () IJJ )'.l 
104 12 10000 10000 IP(,O().fl 1 ) .) JJ. ) 1 )0110 
IJ9 12 --lOJ~J-- I000 !) - 1 .) }1 ;). J 1JJ.lJ.J 1J) )'} 
110 12 1 ,}OD ·) leu')] 1 ) 0 )). ) l)(1I)O.ll 1 I , ,) !)U 
III 12 10000 100')0 100.)0.0 10) ')O.J 10.) )1) 
(J 5" (W!f! D~rjrF t'l T C: Il V .\ L 
M:', { M: ,." I .~ 0 r H r A R I i H r':: fd~ 
2 Ln'.1 c Q. IJP?fR 
1. ':'4 '1 4.837 6.531 
• u2 ') .422 .5bf: 
• Jr.') .'115 • )9., 
.llO .,)31 .11'> 
• 15') .46 } • 6l} f. 
.l90 • l1~ .313 
• j0i> • 19~ .472 
.tJ2 ·' .1..6? .ti5: 
1.050 1. (J 'l~ 1.59 .. 
2.110 1.35d 2.24 't 
8.230 2.627 7.o2~ 
.7'il) .4~3 
• 119 
• ~<)o .421 .5H7 
.430 .255 . • 403 
.2A 0 .162 .334 
.-J8J .5~-1 1.)51 
4.420 .014 1.410 
Q5'! ( :)\.II-!OFNCF !'H'::!)\I\L 
'1 ~ 1( A~ :I'J"'f) T"'f a~ITti I'1fA~..J 
., L:' '"' -: ' ~ Uj) PC q ,-
1') ) )J IJJ).) IJO) 1 
l ·lJ )l 11'») 1 J )} ) 
1 )J I') 101llh) 1:)O(){) 
1 .)-) JO 10 ) .) ) U\)) .) 
1 ·)) )1 l} "; )J IJJ) ) 
lUI) )n lUI· · II) 11) !\I) ;) 
1 ) \) n 10011 lJ"l} 
P LAN K T (1 1\1 - GYM f\.j C [) I '" I U ~ B Q EVE - : ;l P 
(r:OU~T/L!TE~) 
STA #OF MI~ Ml~ 
NO (J BS 1 2 
IJ 1 12 · l.)O\).) - · ··· ·· lOJI)J 
102 12 10000 10000 
103 12 100)0 100JJ 
104 12 10000 10000 
l09 ---12- -10(),){)--- ·· 10000 · 
11J 12 IJJJJ 10110 
112 12 10000 10000 
G[J 
,., ~ A'l 
10.) ·),) .1 
100'10. J 
l ·)()J (). ) 
1 )OOJ. I) 
100,)1'). ,) 
1 ! ') .)). J 
10(.100.0 
\~ r TH 
... , r: t. r-.J 
1 J .... )1 • ) 
1 ;) () O,). 0 
10·1J \1 .... 
1 OO ')().I) 
I),} )0.·1 
1 ),) ) 1. n 
1 !,''l ''l(). n 
1976 
STA~() 
[lEV 
t-oflj( 
1 
1 ) .) ) ) 
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